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AUTOXIDATION  OF  PARAFFTNIC  HYDROCARBONS 

This  report  is  based  chiefly  on  Zuidema's  review  (1)  of  the 
oxidation  of  lubricating  oils.   He  pointeout  that  the  oxidation 
of  paraffinic  hydrocarbons  has  been  studied  principally  from  two 
points  of  view.   The  chief  interest  of  manufacturers  of  lubricat- 
ing oils  has, been  in  a  search  for  ways  to  prevent  oxidation. 
Other  investigators,  especially  in  Germany  and  in  Russia,  have  - 
sought  to  control  the  oxidation  so  that  it  might  be  used  to  pro- 
duce oxygen-containing  compounds  such  as  alcohols,  carbonyl  com- 
pounds, acids,  and  esters.   Organic  molecules  of  many  types  undergo 
autoxidation  although  in  most  instances  the  reaction  is  very  slow 
at  ordinary  temperatures.   The  initial  products  appear  to  be  per- 
oxides and  are  always  more  reactive  than  the  parent  compound. 
Consequently  the  reaction  is  difficult  to  control  and  usually 
leads  to  a  wide  variety  of  products.   The  conversion  of  a  paraffin 
to  fatty  acids,  for  example,  presumably  involves  the  intermediate 
"*  formation  of  a  hydroperoxide,  a  carbonyl  compound,  and  other  more 
complex  substances. 

It  would  appear  that  autoxidation  is  a  characteristic  reaction 
of  compounds  containing  active  CH,  CH2,  or  CH3  groups  and  that  the 
rate  of  the  oxidation  is  proportional  to  the  reactivity  of  the  C-H 
bond  in  question.   In  support  of  this  it  is  known  that  an  alkyl  . 
side  chain  on  an  aromatic  ring  is  attacked  exclusively  at  the 
methylene  group  next  to  the  ring.   4.  well-known  example  of  this 
behavior  is  the  formation  of  the  peroxide  of  tetralin  (2). 

To  compare  the  reactivity  at  a  tertiary  carbon  atom  with  that 
of  primary  or  secondary  carbon  atoms  Chavanne  and  Bode  (3)  studied 
the  autoxidation  of  1,4-dimethylcyclohexane.   At  100°  116  g.  of  the 
hydrocarbon  absorbed  30.7  g.  of  oxygen  rapidly,  yielding  1,4- 
dimethylcyclohexanol  as  the  chief  oroduct  (30  g.  ).   Other  products 
include  water,  carbon  dioxide  (5.?,  g.),  p-methyl-Z^acetylvaleric 
acid  (8-9  g.),  acetic  acid  (4-5  g.),  p-methylvaleric  acid  (2-3  g.), 
dimethylcyclohexanediol  (5.5  g.),  and  acetonylacetone  (0.5  g.). 
Small  amounts  of  hydrogen,  carbon  monoxide,  methane,  ethane,  and 
formic  acid  were  also  detected.   These  results  show  that  reaction 
occurred  at  the  tertiary  carbon  atom,  the  initial  hydroperoxide 
being  reduced  to  the  corresponding  alcohol  or  oxidized  to  open  chain 
compounds. 

A  comparison  of  the  reactivity  at  primary  and  secondary  carbon 
atoms  was  made  by  a  study  of  normal  paraffins  (3,4,5).   It  was 
shown  that  oxication  of  n-decane,  n-nonane,  and  n-octane  with 
oxygen  at  atmospheric  pressure  arid  at  a  temperature  of  120c  pro- 
duced preponderant  amounts  of  the  corresponding  methyl  ketones  as 
well  as  a  series  of  carboxylic  acic^s  ranging  from  formic  to  Cn_ x , 
where  n  is  the  number  of  carbon  atoms  in  the  hydrocarbon.   These 
data  indicate  that  the  attack  of  oxygen  is  not  at  the  primary 
(terminal)  but  at  a  secondary  carbon  atom.   The  beta  carbon  atom 
is  involved  primarily,  the  gamma  secondarily,  and  so  on  to  the 
middle  of  the  chain.   Thus  formic,  acetic,  and  propionic  acids 
would  be  expected  in  the  order  of  decreasing  concentration.   A 
study  of  the  oxidation  of  lubricating  oils  (6,7)  has  confirmed 
this  prediction. 
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Prior  to  the  outbreak  of  World  War  II  much  attention  had  been 
given  to  the  problem  of  making  higher  fatty  acid?  by  air  oxidation 
of  higher  paraffins.   Many  processes  had  been  patented  which  in- 
dicated the  procedure  to  be  feasible  at  least  for  making  soaps. 
The  standard  procedure?  involve  blowing  air  through  a  mixture  of 
hydrocarbon*?..   During  the  war  the  Germans  used  this  method  to 
manufacture  fatty  acids  on  a  large  scale.   The  fatty  acids  were 
separated  by  careful  fractionation.   It  is  reported  that  acids 
from  C i   to  C24  were  made  available  by  this  development  (8). 

The  Russians  have  described  many  attempts  •  to  produce  fatty 
acids  from  paraffin  wax  and  paraffinic  oil  fractions.  For  example, 
Varlamow  (9)  found  that  in  oxidation  of  a  Grozny  paraffin  at 
160-180°  with  air  at  15-30  atmospheres  20  to  74  per  cent  of  the 
paraffin  reacted  and  70  per  cent  or  more  of  the  reaction  products 
were  fatty  acids. 

In  an  attempt  to  develop  a  commercial  method  for  producing 
higher  alcohols  Mass,  McBee,  and  Churchill  (10 )  oxidized  hexa- 
decane  with  air  under  a  pressure  of  2000  pounds  per  square  inch  at 
temperatures  from  190°  to  300°.   The  product,  which  contained 
alcohols,  acids,  esters,  and  carbonyl  compounds,  was  hydrogenated, 
yielding  a  mixture  of  alcohols  having  an  average  molecular  weight 
as  high  as  165.   Conversions  for  the  two-step  process  were  as  high 
as  17  oer  cent. 
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CARBONIUM-LIKE  INTERMEDIATES  IN 

MOLECULAR  REARRANGEMENTS 


There  are  a  number  of  a 
and  rearrangements  which  inv 
of  a  molecule.  They  are  the 
Hoffman  degradation  of  amide 
benzilic  acid  rearrangement, 
rearrangement,  paraffin  isom 
the  Schmidt  reaction,  and  ri 
mention  a  few  of  the  best  kn 


pparently  unrelated  transformations 
olve  a  change  in  the  carbon  skeleton 

Wagner-Meerwein  rearrangement,  the 
s,  the  Beckrnann  rearrangement,  the 

the  Curtius  degradation,  the  pinacol 
erization,  the  Wolff  rearrangement, 
ng  expansion  with  diazomethane,  to 
own  examples. 


All  of  these  reactions  may  be  embraced  within  a  single  re- 
action mechanism  if  it  is  supposed  that  a  carbonium  ion  or  an  atom 
with  only  six  electrons  is  formed  as  an  intermediate  and  that  the 
formation  of  this  intermediate  is  followed  by  the  shift  of  an  alkyl 
group  from  an  adjacent  carbon  atom  in  accordance  with  the  Whitmore 
theory.   Thus  the  pinacol  rearrangement  might  be  written: 


(CH3)2C-OH        , 
n 

(CH3)2C-OH     ~* 


(CH3)2<p~OH 
(CK3  ) 2C€ 


+  HpO 


CH3 
j(CH3)3C 


C-OH 


CH. 


■c=.o 


(CH3)3C  +  H 


+ 


and  the  Hoffman  rearrangement: 


RCONH3  +  NaOBr  ■-*  [RCONKEr] 


OH 


[R-C-N:Br] 


0  . 
[R-ft-N] 


+  Br' 


0 
C=N:R 


Evidence  supporting  this  view  includes  in  some  cases  kinetics, 
solvent  effects,  and  the  behavior  of  the  reactions  upon  the  addi- 
tion of  electrophilic  reagents.   It  is  interesting,  however,  that 
whenever  optical  isomers  are  involved  configuration  is  almost 
always  retained.   This  implies  that  if  such  fragments  are  formed 
during  the  reaction  they  must  have  an  extremely  short  life  and 
that  they  must  still  be  subject  to  other  molecular  influences. 
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ARYLFYRID1NES 


Since  1B93  (l)  when  the  first  aryl  derivative  of  pyridine 
was  reported,  a  substantial  number  of  arylpyridines  have  been 
synthesized  by  several  different  methods: 

A.  Reaction  of  pyridine  with  diazonium  salts  or  alkali  or 
acetyl  diazotates  (1,2,3,4,5,11,14,15,16). 
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— »    phenylpyridines  +  CH3C0H 
Acetyl  .  it   „ri 
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B.  Reaction  of  pyridine  with  nitosoacylarylamines  (2,3,4,14,19). 


NJ-N— C-CH3 

Co  6        + 


60$ 


V 


phenylpyridines  +  CH3C-0H 


C.  Reaction  of  pyridine  with  benzoyl  peroxide  (6). 


./  X-lo 


■O-v  v 


46^ 


phenylpyridines  + 


/  ^>-C00H 


+  CO, 
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D,  Reaction  of  pyridine  with  triphenylmethylazobenzene  (7). 
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\  /j 
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>-C-N=N 


// 


s/ 
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low 
yield  phenylpyridine  + 
— >    N3  +  trlphenylrae thane 


E.  Kolbe  electrosynthesis  in  pyridine  (9). 
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F.  Reaction  of  pyridine  with  phenyllithium  (13). 


<N 


* 


I 


40-49^ 


>  +  LiH 


G-.  Reaction  of  pyridine  with  phenyl  magnesium  bromide  (12). 


s'*-MgBr   f 
+ 


V  / 


.    1  150-160°   P^nylpyridines 
N   autoclave 


In  addition  to  the  compounds  listed  (19),  4-aminophthalo- 
nitrile  on  diazctization  has  been  successfully  reacted  with 
pyridine  to  form  dicyanophthalylpyridines. 

The  experimental  evidence  indicates  that  all  of  these  re- 
actions with  the  exception  of  F,  proceed  via  a  free  radical  mech- 
anism. 
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SOME  REACTIONS  OF  THE  DISULFIDE  LINKAGE  IN  WOOL 

Several  of  the  more  important  physical  and  chemical  proper- 
ties of  wool  are  related  directly  to  the  presence  of  disulfide 
cross-linkages  between  polypeptide  chains  of  the  protein.   This 
conclusion  is  the  result  of  a  study  of  the  chemical  and  physical 
properties  of  wool  before  and  after  alteration  of  the  sulfur  link- 
age by  a  series  of  highly  specific  chemical  reactions  (1,2,3,4,5). 

The  cystine  in  wool  can  be  readily  reduced  to  cysteine  with 
thioglycolic  acid.   Although  strongly  alkaline  solutions  of  the 
reagent  have  been  shown  to  dissolve  the  protein,  the  reaction  may 
be  carried  out  in  neutral  or  acid  solution  without  destruction  of 
the  wool  fibers.   By  this  treatment  the  disulfide  links  are 

W-S-S-W  +  2HSCH2C02H  ->  2W-SH  +  (SCH2C02H)2      (W  =  wool) 

reduced  to  sulfhydryl  groups,  which  may  then  be  reacted  with  alkyl 
halides  to  form  thioether  groups.   While  reduced  wool  is  readily 

W-SH  +  RX  -+  W-S-R  +  HX 

reoxidized  thus  regenerating  the  original  material,  alkylated  wo< 
(W-S-R)  is  stable  to  oxidizing  agents  and  can  be  handled  without 
danger  of  reestablishing  the  cross-links.  Fibers  of  this  type  a: 
much  more  extensible  and  weaker  than  the  original  wool.  Alky la t 
with  aliphatic  dihalides,  such  as  methylene  iodide  or  trimethyle 
dibromide,  introduces  hydrocarbon  chains  between  sulfur  atoms  of 
the  resulting  wool.  Such  fibers  are  similar  to  untrested  fibers  in 
physical  properties. 

W-SH  +  X(CH2)nX  ->  W-S(CH2)nS-W  +  2HX 

Wool  in  which  the  disulfide  links  have  been  broken  by  re- 
duction possesses  much  higher  alkali-solubility  than  untreated 
wool.   Although  the  creation  of  sulfhydryl  groups  along  the  poly-- 
peptide  chain  undoubtedly  contributes  to  the  alkali-solubility, 
the  principle  cause  is  thought  to  be  the  destruction  of  the  three- 
dimensional  structure  of  the  wool.   As  contributory  evidence  in 
support  of  this  theory  it  has  been  found  that  reduced  wool  whj.ch 
has  been  alkylated  with  a  monohalide  also  has  a  high  alkali- 
solubility,  although  it  contains  no  sulfhydryl  groups.   Wool  having 
the  sulfur  atoms  separated  by  a  carbon  chain  [W-S(CH2 )nS-W]  has  a 
much  lower  alkali-solubility. 

The  disulfide  linkage  appears  to  contribute  to  the  resistance 
of  the  wool  to  attack  by  enzymes.   Thus  wool  which  has  neither  been 
injured  mechanically  nor  modified  chemically  is  completely  resist- 
ant to  attack  by  proteolytic  enzymes  -  pepsin,  trypsin,  chymotryp- 
sin,  and  papain.   Wool  in  which  the  disulfide  cross-linkages  have 
been  broken,  as  by  reduction,  or  wool  in  which  reduction  is  followed 
by  methylation,  is  almost  completely  digested  by  pepsin.   When 
reduced  wool  is  reoxidized,  it  regains  its  original  stability,  and 
when  bis-thloether  groups  are  introduced  by  action  of  an  aliphatic 
dihalide  on  the  sulfhydryl  groups,  the  stability  of  the  wool  to- 
ward enzymes  is  greatly  enhanced. 
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The  action  of  alkalies  on  wool  le  very  important  from  a  com- 
mercial point  of  view  since  wool  is  often  scoured  in  alkaline 
soaps  and  is  frequently  bleached  In  alkaline  medium.   Even  mild 
alkali  has  a  detrimental  effect  on  the  strength  of  the  fibers, 
and  much  could  be  gained  by  development  of  any  means  for  improv- 
ing the  stability  of  wool  to  alkaline  agents.   Investigations  of 
the  course  of  the  reaction  of  cystine  in  wool  and  similar  proteins 
with  alkali  has  revealed  that  one  a  torn  of  sulfur  is  split  from  each 
molecule  of  cystine  (6,7,3,9,10).   Of  the  residual  non-cystine 
sulfur  in  alkali-treated  wool,  mor^  that  25  per  cent  has  been  ac- 
counted for  as  lanthionine  after  hydrolysis.   No  significant 
amounts  of  sulfhydryl  groups  have  been  found  in  alkali-treated 
wools.   Recent  results  lead  to  the  conclusion  that  the  alkali 
cleavage  of  the  disulfide  group  does  not  consist  primarily  in 
hydrolytic  rupture  between  the  sulfur  atoms  with  the  formation 
of  a  sulfhydryl  compound  and  a  sulfenic  acid  as  was  first  postu- 
lated.  Rather,  the  evidence  is  more  consistent  with  mechanism 
advanced  by  Nicholet  and  Shinn  (11),  which  involves  a  rupture  be- 
tween sulfur  and  carbon  atoms  to  yield  dehydroalanine  and  a 
-CH2-S-SH  residue.   An  atom  of  sulfur  is  eliminated  from  the 
latter,  and  the  -SH  group  thus  formed  reacts  with  dehydroalanine 
to  form  lanthionine. 


CO 


r 


0 


HC-CH3-S-S-CH2-CH 
NH  NH 

Wool 


CO 


CO 


Hi-CHo-S-SH  +  CHp=C 


NH 


NH 


Dehydroalanine 


Then:  i 

CO 


H(j-CH3-S-?H 


NH 

i 


CO 
HCJ-CH3-SH  +    S 
][JH 


And: 


Cysteine 


CO         CO 

h6-ch3-sh  +  C=CH. 

NH 


NH 

i 


CO 


Co 


KC-CHo-S-CH^-CH 


NH 


NH 


Cysteine   DehydrO' 
alanine 


Lanthionine 
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a,p-ACETY£ENIC  KETONES 

Bowden,  Heilbron,  and  coworkers  (4)  have  reported  recently 
on  a  new  and  convenient  synthesis  for  acetylenic  ketone?  consist- 
ing of  chromic  acid  oxidation  of  the  corresponding  secondary  alco- 
hols.  This  makes  available  a  relatively  new  class  of  compounds, 
the  ethynyl  ketones,  KCsC-CO-R.   A  study  of  the  properties  of  these 
ketones  and  the  more  general  class  of  a, f-acetylenic  ketones, 
R-C=C~CO-R',  brings  to  light  many  interesting  compounds  and  re- 
actions of  potential  value  in  synthesis. 

I.  SYNTHESIS 

With  the  exception  of  the  oxidation  method  mentioned  above 
there  appear  to  be  few  routes  of  general  applicability  for  obtain- 
ing a,  j?-acetylenic  ketones  and  related  keto-compounds  (4).   Those 
sources  which  have  been  listed  are  as  follows, 

(l)  From  alkali  metal  acetylides  and  acyl  halides  (1,23), 
esters  (26,27,35),  or  acid  anhydrides  (29),  thus, 

R-CSC-Na  +  R'-COCl  ->  R-C=C-CO-R'  +  NaCl 

(?.)   From  acetylenic  Grignard  reagents  and  acyl  halides,  acid 
anhydrides  (IS),  and  a-chloroketonee  T"°,?-?),  thus, 

R-CSC-MgX  +  R'-COgR'1  -+  R-CSOCO-R1  +  R''0~MgX 

(3)  From  phenyl  propiolic  esters  and  phenyl  magnesium 
bromide  (14), 

CeH5C£C-C08Et  +  CsHBMgBr  ->  C6H5C=C-CO-CeH5  +  EtO-MgBr 

(4)  By  partial  hydration  of  conjugated  diacetylenes  (11,1?), 

R-C=C-C=C-R»  +  v20     -*  R-CHs-CsC-CO-R1  f 

(5)  By  Friedel-Crafts  reactions  with  substituted  propioli 
chlorides  (l"V^l), 

R-C=C-COCl  +  R*H   ^ICla  R-CsC-CO-R1  +  HCl 

(6)  By  oxidation  of  secondary  acetylenic  carbinols  wi/) . 
chromic  acid  (4,  Q,19)  with  acetone  as  the  usual  solvent, 

R-CH-CsC-R1   Cr°3  i.HOAc  R-CO-C=C-RT 
OH  Acetone 


R-CH-CSC-CH-R*   Cr°3  iH0Ac  R-CO-C=C-CO-P 
OH     OH       Acetone 

R-CsC-CH-CsC-R'   Cr03  +  *0^     R-C=C-C0-C~ 


OH 


Acetone 
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Ethynyl  ketones  (4)  are  formed  by  thie  method, 

R-CH-C=CH   C-^3   R-CO-CsGH 

OH        HOAc 

The  acetylenic  carbinole  are  made  by  a  number  of  previously  de- 
scribed methods  ( 7,9, 1?, 16, 20  ) . 

Only  one  record  of  an  ethynyl  ketone  synthesized  ~oy   a 
different  method  was  found  (30).   This  involved  acid  hydrolysis 
of  the  enol  methyl  ether, 


HC=C-C=CH2  +  H20 
OCH, 


KafO. 


HC=C-C0-CH3  +  CH30H 


The  enol  methyl  ether  used  in  this  case  was  derived  from  1- 
Bromobutadiene . 

5ome  examples  of  various  a,  p-acetylenic  ketones  and  keto- 
compounds  which  have  been  prepared  by  these  methods,  together  with 
yields,  are  listed  in  the  following  table. 


No 


Compound 


Method  Yield   Ref. 


1 
2 
3 

4 
5 
6 

7 

8 


10 
11 
12 

13 

14 

15 
16 
17 

18 


C6H5-C=C-C0-CH3 

CaH5-C=C-C0-C6H5 

(5-CHs)(8CHaO)CeH»-00-OsO-CeH8 

C4HgC=C~C0CH3 

CeH6CsC-CO-.CH=CH-CHa 

H3C=C-C=C-CO-CH3 

CH3 
H2C=CH-C=C-CO-CH3 

(CH3  )a-C-CsC-CO-CH=CH-CHa 

OH 
(C6H5)2C-C=C-CO-CH=CH-CH3 

OH 
CeH5CsC-C0-CH=CH-C6H5 

KC=C-C0-CH3 

HC=C—,^0~^gH5 

HCsC-CO-CHaCH2CHa 

HC=C-CO-CH=CH-CH3 

CHaCH=CHCO-CsC-CO-CH=CH-GHs 

CH3CH2CH2-CO-C=C-CO-C"-i'2CK2CH3 

CHaCH3CHa-C0-CsC-CH-CHsCHaCKa 

OH 
C6H5C0-C=C-C0-C6H5 


1 

1,3,6 
5 
2,6 

1 
6 

6 
6 


55f 

74-85? 
80? 
58# 

49? 

25<C 

16.55? 

60? 

96? 


1 

34# 

6 

40?? 

6 

80? 

6 

70^ 

6 

75^ 

6 

40?? 

6 

6 

60? 

6 

9  Of 

29) 

28,14,29) 

31) 

18) 

29) 

4) 

4)         J 
4) 

4)  •; 

^) 

^,30) 

H) 

A) 
4) 

4) 
4) 
4) 

(4) 
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II.  REACTIONS 


indef 


A.  Stability  (4). — (l)  Most  acetylenic  ketones  may  be  kept 
initely  at  0°  in  the  ^reeence  of  a  little  hydroauinone. 


(?)  In  contraFt  to  vinyl  ketones,  propyl  ethynyl  ketone  was 
unaffected  by  heating  with  1#  benzoyl  peroxide  for  49  hours  at 
100°.   Vinyl  acetylenic  ketones  are  unstable  under  these  conditions 


B.  Ethynyl  Hydrogen  (4). — (1)  The  ethynyl  hydrogen  readily 
attacks  metallic  copper  and  forms  acetylides  with  ammoniacal 
cuproup  and  silver  salts. 

(?)    It  will  liberate  CH4  Quantitatively  from  CH3MgI  at 
ordinary  temperatures. 

C.  Carbonyl  Function. — (l)  All  acetylenic  Ketones  appear  to 
form  normal  9, 4-dinitrophenylhydra zones  (4). 


form, 


(?)  With  hydrazine  (1,21,25),  however,  substituted  pyrazoles 


R-C=C-C0~R'  +  NH»NH. 


A 


R-C=C-C-R' 


N-NH: 


-»  HC — C-R* 

I  !l 

R-C  N 
V 

H 

In  this  respect  the  acetylenic  ketones  resemble  p-diketones. 

(?)  With  NH20H  (1,22,24,34),  a  similar  cyclization  takes 
place  giving  3, 5-disubstituted  isoxazoles, 


R-C=C-C0-R»  +  NH30fj 


R-CsC-C-R' 


N-OK! 


->  HC  —  C-R' 

,  I    II 

(A  study  of  the  reactions  of  ethynyl  Ketones  with  NH2NH2  and 
NH30H  has  not  as  yet  been  reported.) 

(4)  With  RMgX,  normal  ketone  addition  can  occur  (6),  but  as 
in  the  care  of  the  a, p-ethylenic  ketones,  the  mode  of  addiction 
varies  with  the  nature  of  the  compound   (10). 


OH 


C6HB-CsC-CO-C3H5  +  CHsMgI 


C6H5-C=C-C-C3K5 
CHo    / 
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D.    Triple   Bond   Function. — (l)   Addition   of   Amines    (1,3,15). 
Both  HC=C-CO-R  and  R-C=C-CO-R'    adc5    primary   and    secondary   amines 
at   the    (r-carbon. 

HC=C-CO-R  +   RiRgNH     -*    RiRgN-CIfcCH-CO-R 

R-CsC-CO-R1    +  RiNH2     -»    RxNH-C-CH-CO-R* 

R 

Acid  hydrolysis  of  the  amine  adducts  give  p-diketones,  thus 
offering  an  indirect  means  of  converting  R-C=C-CO-RT  to 
R-CO-CHjb-CO-R', 

In  ethylenic-acetylenic  ketones,  addition  is  invariably  at 
the  triole  bond  (3),  e.g., 

CHsCH=CH-CO-CsCH  +  HNRR'  ->  CH3CH=CH-CO-CH=CH-NRR? 

(?)  Addition  of  alcohols  and  phenols  also  occurs  (??),  thus, 

CeHsC5C~C0-C3H7  +  C2H5OH  — >  C6H5C=CH-C0-C3H9 

OC2H5 

Dilute  acid  hydrolyzes  such  adducts  to  f?~diketones,  as  in  (1). 

Heating  of  the  adducts  with  NHsOH  gives  the  same  disubsti- 
tuted  isoxazol  as  that  obtained  with  R-C=C-CO-R',  thus, 

C6HcC=CH-CO-C2H5 

OC2H5        I  ^         HC-  H3-C2H5 


or  NH*0H    C6H5-e    N 

C6H5C=C-CO-C2H5/  Xq/ 

(.^)  Condensation  with  dienes  (5).   Ethynyl  ketones  have  been 
shown  to  function  well  as  dienophils  in  Diels-Alder  type  additions, 

IPO0  CH2 

CH2=CH-CH=CH2   +   HCsC-CO-R       -^         HC"     xC-CO-R 

II  ||  7bf 

where   R  =  CH3    or  C6H5  HC^nu/CE 

uh2  •     I 

Propenyl  ethynyl  ketone  can  add  two  molecules  of  butadiene, 

CH3CH=CH-CO-CsCH  +  CHS=CH-CH=CF8   ^    CH3CH=CH-CO-C/  "  '^H 

l  II 

^c  H'C        /CH 

HC      xC-pO— Cx      N3H  3^!^>^o 


II  I 

HC     /€-CH3  ,C 
XCHPH        H  xCHr 


3  "        \j  n  2 
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(4)  1,4  Addition  of  cyanoacetamide  (2), 

?eHB 

C6K5C=C-CO-C6H5   +    i\TC-CH2-CONH2      11?     HCX    X-CN 

II    I 
C6H5-C   0=0 

NT 

i 

H 
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THE  ROLE  OF  FTE?IC 


HINDRANCE 


IN  MUCLEOPHITIC  SUBSTITUTIONS 


Whitmore  and  coworker?  have  Bhown  that 
are  Ftrikingly  unreactive  in  certain  cafes, 
only  Flowly  with  alcoholic  KOH  at  180° ,  and 
le  neopentane  (1).   The  alcohol  does  not  yie 
treated  with  PC15,  S0C12,  etc.   Bartlett  and 
that  the  inertners  of  the  neopentyl  compound 
hindrance,  Fince  the  effect  is  not  transrnitt 
rated  linkage  (C=C),  af  it  should  be  if  it  w 
Faid  that  the  lack  of  reactivity  is  limited 
S«2  (Substitution,  Nucleophilic,  £nd  order) 
reaction  mechanism  wherein  a  nucleophilic  (e 
Fuch  as  OH",  X",  R0~,  NH3,  etc;  attacks  the 
opposite  the  group  being  replaced,   Bartlett 


neopent 
The  io 
then  th 
Id  the 
Rosen 
s  muFt 
ed  thro 
ere  col 
to  SN2 
is  a  we 
lectron 
carbon 
' s  arti 


yl  compounds 
dide  reacts 
e  main  product 
chloride  when 
(Q),  have  stated 
be  due  to  steric 
ugh  an  unsatu- 
ar.   They  also 
reactions. 
11  demonstrated 

donating)  group; 
atom  on  the  side 
cle  contains  a 
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fv 


R 


/ 


s, 


/ 
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~~/ 


v  X_.r 


X2-V- 


R 


R 


J- 


:-'-^X 


Y-C 


i 


X 


c. 


photograph  of  a  Stuart  model  of  neopentyl  chloride  wherein  it  is 
easily  seen  that  access  to  the  rear  of  the  aloha  carbon  atom  is 
difficult. 

Dostrovsky,  Hughes,  and  Ingold  (3,4)  have  extended  this  work 
Quantitatively.   They  measured  the  rates  of  reaction  of  neopentyl 
and  other  primary  alkyl  bromides  with  sodium  ethoxide  in  absolute 
ethanol  (See  Table  I),   Kinetic  studies  showed  clearly  that  this 
was  in  all  cares  a  second  order  reaction.   This  was  verified,  in 
the  case  of   neopentyl  bromide,  by  the  fact  that  an  unrearranged 
product,  ethyl  neopentyl  ether  was  obtained.   In  reactions,  such 
as  those  proceding  by  the  SmI  mechanism,  where  the  positive  neo- 
pentyl ion  is  an  intermediate,  rearranged  products  are  always  ob- 
tained.  S^l,  1st  order  nucleophilic  substitution,  is  a  mechanism 
wherein  there  is  a  rate  controlling  ionization  followed  by  the 
rapid  re  ction  of  the  alkyl  anion  formed.   The  reaction  rates 


e.g 


Me,CCl 


CI   +  Me3C+   H-^°   Me3C0H  +  H+ 
Ha0. 


and    ¥e3CCH2X  ->  X"  +  Me3CCHa+   -£>   Me3C(0H  )CH2T'e  +  H+ 

decrease  in  the  order  methyl >  ethvl >  n-propyl>  isobutyl">  neopentyl, 
but  by  far  the  largest  jump  is  between  isobutyl  and  neopentyl.   It 
is  very  improbable  that  the  substitution  of  an  additional  methyl 
group  in  the  beta  carbon  atom  would  have  so  profound  effect  if  a 
polar  influence  were  responsible.   Furthermore,  if  the  effect  were 
polar,  it  should  be  even  more  noticeable  in  reactions  of  the  SN1 
type.  Yet,  as  is  later  shown,  the  rate  constants  in  this  type1 of 
reaction  are  of  the  Fame  order  for  all  of  the  primary  bromides. 


±7 
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In  order  to  create  conditions  which  would  favor  the  S^jl  re- 
action more,  the  solvolysis  rate  was  measured  in  a  more  weakly 
nucleophilic,  stronger  ionizing  solvent,  50f  aqueous  ethanol. 
Here,  as  shown  in  Table  I,  all  of  the  reaction  rates  are  much 
smaller  than  with  the  ethoxide,  except  the  neopentyl  which  is 
actually  larger.   This  is  explained  by  the  fact  that  the  neopentyl 
bromide  is  reacting  by  an  Sjql  mechanism.   This  mechanism  cannot  be 
proved  by  a  study  of  the  kinetics,  since  even  a  second  order  re- 
action with  the  solvent  would  appear  first  order  because  the  con- 
centration of  solvent  does  not  change  appreciably  during  the  re- 
action.  However,  it  was  proved  by  the  following  facts.   The  rate 
of  reaction  of  the  neopentyl  bromide  was  found  to  be  unaffected  by 
addition  of  alkali.   The  reaction  gave  rearranged  products 
(tertiary  amyl  alcohol,  ethyl  tertiary  amyl  ether,  and  trimethyl 
ethylene. )   Additional  exoeriments  showed  that  the  reaction  con- 
stant increases  with  increase  of  the  percentage  of  water  in  the 
solvent  at  the  same  rate  that  it  does  for  reactions  which  are 
known  to  be  Sjjl  in  mechanism  (several  times  the  rate  for  SN2  re- 
actions. )   Despite  the  change  in  environment,  the  other  bromides 
were  still  found  to  react  by  a  S^2  mechanism.   Isobutyl  bromide, 
the  most  likely  to  react  in  the   6^1  manner,  was  found  to  react 
much  more  raoidly  in  the  presence  of  small  amounts  of  alkali. 

The  reaction  of  the  alkyl  bromides  with  silver  nitrate  in 
aaueous  alcohol  was  next  studied.   This  reaction  is  complex,  but 
resembles  the  S^l  reaction.   Fere,  as  shown,  the  rate  for  neopentyl 
bromide  is  even  closer  to  the  values  for  the  other  bromides. 


The  condition  which  has  been  found  most  conducive  to  the  Svrl 


mechanism  is  solvolysis  in  wet  formic  acid  (5).   It 
this  case  that  all  of  the  reaction  rates  are  of  the 


N 


is  seen  in 
same  order. 


Table  I 
Comparitive  reaction  rates  (Ethyl  =  1) 
Alkyl  bromide   Methyl   Ethyl   n-Propyl    isobutyl 


neopentyl 


NaOEt  in  EtOH   17.6(2) 

1(2) 

0.28(2) 

0.030(2) 

0.0000042(2) 

50<?  H30-EtOH     2.03(2) 

1(2) 

0.58(2) 

0.080(2) 

0.0064(1 ) 

Ag  in  H20-EtOH   "0.81 

1 

0.55 

0.084 

0,013(1) 

vet  HC03H        0.64 

Kl) 

0.69(1) 



0.57(1) 

1.  S^l  reactions 

Other  res 

ictions  are 

of  doubtful 

2.  S™2  reactions 

or  mixed 

mechanism. 

Thus  it  is  shown  that  the  S^2  reaction  rates  are  greatly  re- 


—  __  —  — „  —  _iX,fc  ^^^^v,- 
duced  for  neooentyl  halides,  but  that  the 
practically  unaffected. 


'N 


1  reaction  rates  are 
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In  Table  II  is  shown  the  activation  energies  calculated  for 
two  8^2  reactions  from  the  Arrhenius  eauation,  ,  _  .  -E/RT 

Table  II- 

Energy  of  activation  (  E)  in  kg-cal. 

Methyl   Ethyl    isobutyl-   neopentyl 

NaOEt  in  EtOH    20.0     21.0      22.8       26.2 
I"  in  acetone*  19.0  25.0 

*This  reaction  was  also  studied  and  found  to  be  S^2. 

"rom  this  table  it  may  be  seen  that  steric  hindrance  causes 
an  increase  of  about  6  kg-cal.  in  the  activation  energy  of  neo- 
pentyl 8^2  reactions. 

A  semi-ouantitative  theoretical  study  of  the  effect  of  steric 
hindrance  in  the  S^2  reaction  was  attempted.   The  reaction  of 
bromide  ion  with  alkyl  bromide  is  chosen  because  of  several  simp- 
lifications it  makes  oossible.   However,  sufficient  calculation 
with  iodide,  chloride,  etc.,  is  made  to  show  that  data  obtained 
for  the  bromide  reaction  will  aonly  well  to  the  reaction  with  most 
anions.   The  distance  between  the  bromine  and  its  neighboring  atoms 
is  calculated  both  in  the  original  molecules  and  in  the  transition 
state.   These  distances  are  compared  with  the  theoretically  cal- 
culated touching  distances.   It  was  found  that  there  is  practically 
no  steric  strain  in  any  original  molecule,  but  in  the  transition 
state  certain  distances  are  found  to  be  smaller  than  the  touching 
distance.   This  difference  is  referred  to  as  "compression".   The 
values  are  shown  in  Table  III. 


Table 

Ill 

Amount 

and  number  of 

compre 

ssions 

in 

various  transition 

state  ] 

number 

of  ST 

jich  compre 

ssions 

Model 

Touch, 

i 

iso 

tert 

n 

iso 

neo 

dist. 

dist. 

dist. 

conro. 

Me 

It 

Pro 

Bu 

Pro 

Bu 

Pentyl 

Hc-Br 

2.55 

2.68 

0.17 

6 

4 

2 

_ 

4 

4 

4 

2.78 

7.01 

0.27 

— 

9 

4 

6 

2 

_ 

2 

Cp-Br 

2.78 

2.98 

0.20 

— 

— 

— 

_ 

_ 

2 

2.47 

3,01 

0.58 

— 

o 

4 

6 

2 

_ 

_ 

Hf-Br 

P. 30 

3.02 

0.72 

— 

— 

— 

— 

_ 

1 

_ 

3,41 

S.09 

None 

— 

— 

— 

_ 

0 

_ 

_ 

Cy-Br 

°.88 

3.34 

0.46 

— 

— 

— 

_ 

_ 

2 

_ 

P. 42 

7.47 

1.05 

- 

- 

- 

- 

— 

— 

2 

2.99 

^.95 

None 

— 

— 

— 

— 

2 

_ 

_ 

H^-Br 

P. 71 

7.05 

0 .  74 

- 

— 

— 

— 

— 

4 

_. 

2.15 

7.13 

0.98 

— 

— 

_ 

_ 

_ 

__ 

4 
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Theee  amounts  of  compression  are  then  expressed  in  terms  of 
energy.   The  results  are  limiting  values  based  on  the  assumption 
that  there  is  no  stretching  or  bending  of  bonds.   The  quantal  cal- 
culations necessary  to  allow  for  bending  have  not  been  worked  out, 
but  when  allowance  is  made  for  stretching,  the  lowered  values 
listed  are  obtained  as  maximum  additions  to  the  activation  energy 
due  to  steric  hindrance  (in  kg-cal).   Methyl  0.0,  ethyl  0.7,  iso- 
propyl  1.4,  tert,  butyl  ?.2,  n-propyl  0.7,  isobutyl  2.3,  neo- 
pentyl  11.7. 


When  it  is  considered  that  these  values  would  be  modified  con- 


cal  found  by  experiment. 


These  results  have  modified  some  of  Ingold's  theories  of  re- 
actions and  mechanisms. 
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SOWE  USES  OF  SELENIUM  DIOXIDE  IN  ORGANIC  CHEMISTRY 
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acetone  to  methylglyoxal 
acetophenone  to  phenylglyoxal 
acetaldehyde  to  glyoxal 
butyraldehyde  to  ethylglyoxal 
phenylacetaldehyde  to  phenylglyoxal 
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acetylene  to  glyoxal 
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The  features  of  the  reaction 
methyl  and  methylene  grouos, 
destroyed  in  the  oxidation. 


were  that  it  was  selective  for  active 
and  that  the  functional  group  was  not 


Since  these  original  investigations,  selenium  dioxide  has  been 
used  for  a  great  many  other  oxidation  reactions,  including  dehydro- 
genation,  and  in  some  instances  for  catalysis  and  for  coupling, 
often  in  sensitive  molecules  which  can  stand  only  mild  treatment. 


1«  Reaction  with  saturated  compounds.  —  In  general  saturated 
hydrocarbons,  alcohols,  ethers,  acids,  esters,  and  most  halofcenated 
compounds  are  not  attacked  by  selenium  dioxide  at  ordinary  tempera- 
tures, but  may  be  oxidized  at  higher  temperatures.   Alcohols  will 
form  selenite  esters  of  the  form  R0Se03H  at  ordinary  temperatures 
and  (R0)2Se0  at  higher  temperatures,  which  accounts  for  the  solu- 
bility of  Se02  in  alcohols.   Consequently  alcohols  are  often  used 
as  solvent  media  for  selenium  dioxide  oxidations. 

Ethane  is  oxidized  to  glyoxal,  acetic  acid,  and  C02,  but  the 
reaction  is  not  very  useful.   Acetic  and  formic  acids  do  not  react 
with  selenium  dioxide,  so  acetic  acid  and  acetic  anhydride  are  use- 
ful solvents  for  these  reactions.   Propionic  acid  can  be  oxidized 
to  pyruvic  acid,  but  only  in  2*7   yields.   Fatty  acids  are  decarboxy- 
lated  then  desaturated  by  selenium  dioxide;  lauric  acid,  for  example, 
gives  undecene. 

Some  useful  reactions  of  saturated  compounds  can  be  found  in 
the  terpene  field.   The  acetate  of  p-amyranonol . ( I)    can  be 
oxidized  to  the  acetate  of  p-amyranedionol  (II)  and  a  crystalline 
oroduct  is  obtained,  while  with  other  oxidizing  agents  the  producv, 
is  amorphous. 
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CH  3  Cn  3 


V 


CH,  CH, 


o .  *  •»  w  u 


As 


^  ^  ^V  \ 


V 


ii 
0 


V 


\/ 


CH^ 


Borneol  and 
60^  yields. 


(I)       CH3  CH3  (ID    —3  —3 

isoborneol  can  both  be  oxidized  to  camohorouinone  in 


2.  Reaction  with  unsaturated  compounds. — Many  of  the  more  re- 
cent developments  of  selenium  dioxide  reactions  have  been  with  un- 
saturated compounds.   Unsaturated  alcohols  can  be  prepared  by 
oxidation  of,  olefins.   The  point  of  attack  is  at  the  carbon  a  to 
the  double  bond.   The. ease  of  oxidation  decreases  in  the  order 
CH2>CH3>CH  in  general,  although  a  tendency  to  avoid  substituted 
carbon  atoms  also  enters  the  picture  in  some  cases.   A.  few  typical 
examples  are, 


CH,-CH=CH-CHP-CH. 


CH. 


CH3CH^ 


wM3 


\./ 


CH3-CH=CH-CK-CH3 

QH 
H0CHa 


;C=CH~CK3  -*        XC=CH-CH3  +       X=CH-CHa 
CH.-CIT  CH3CH^ 

(1JT) 


OH   ( 34^ ) 


The  oxidation  usually  stous  at  the  alcohol  stage,  although  by  using 
proper  conditions  it  can  be  made  to  proceed  to  the  aldehyde  or 
ketone  in  some  instances, 
just  like  olefins  do. 


Acetylenes  respond  to  selenium  dioxide 


CH3-(CH3)4-C=CH  ->  CH3-(CH3)3-CHOK-C=CH 
1-heDtyne         l-heptyne-3-ol 

In  the  hydroaromatic  and  aromatic  series,  oxidation  more  often 
produces  the  carbonyl  compound,  although  some  oxidations  to  alco- 
hols are  recorded.   G-uillemonat  (^),  who  has  done  a  great  deal  of 
work  on  uses  of  selenium  dioxide,  observed  that  in  an  unsaturated 
alicyclic  hydrocarbon  with  substituted  ethylenic 
oxidation  occurs  in  the  a-position  to  the  most 
atom  and  in  the  cycle  if  possible. 


carbon  atoms, 
substituted  carbon 
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R- 


// 


OH 
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CHa-^ 
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CK 
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V, 


uH. 


CH 
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-CH 

XCH3 
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Some  other  typical  examples  are 

anthracene  is  oxidized  to  anthraquinone  in  75?  yields 

diphenylmethane  produce?  benzophenone  in  87?  yields 

fluorene  in  transformed  to  fluorenone  in  55?  yields 

phenanthrene  gives  phenanthraquinone  in  only  5^  yeilds 

2-   and  6-methyl  ben zanthrenee  gives  the  corresponding  aldehydes 

Cook  (4)  prepared  the  only  one  of  the  five  dibenzanthracenes  which 
was  unknown,  the  1, 2, 7,8-dioenzanthracene,  by  selenium  dioxide 
oxidation  of  2-methyl-l , 1 ■ -dinaphthyl  ketone  to  the  corresponding 
2-carboxylic  acid  and  then  closing  the  ring  and  reducing;  other 
oxidizing  apents  in  this  care  gave  no  useful  products. 


SeO: 


2^0-^40 


COOH 


If  a  grouo  is  partly  oxidized,  further  oxidation  is  facilita- 
ted,  For  example,  toluene  gives  benzoic  acid  in  only  27?  yield 
with  Se02,  but  benzyl  alcohol  gives  benzaldehyde  in  95?  yields. 


Nitrotoluenes  are  inert  to  selenium  dioxide,  and  in  general 
phenols,  cresols,  aminophenol s,  amines,  and  phenol  ethers  give 
only  tars  on  oxidation  with  this  reagent.   Bicyclic  teroenes  react 
readily  but  usually  give  mixtures.   cr-Pinene  gives  myrtenol  and 
myrtenal,  and  furnishes  a  beautiful  contrast  to  chromic  acid 
oxidation. 

CHO 


/ 


CH3 


SeO: 


.-} 


+ 


/ 


\ 


CD 


a-pmene 


myrtenol  (^5?)   myrtenol  (11?) 


CK, 


CH. 


CrO. 


/* 


A_.  .  I 
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■=o 


\L- 


/A -OH 


S3 
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f-pinene  giver  pinocarvone,  pinocarveol,  and  carvopinone,  the 
relative  amount?  depending  on  purity  of  starting  material,  temper- 
ature, Folvent,  relative  amount  of  ?eOs  used,  and  to  pome  extent, 
experimenter. 

Of  course  some  of  the  most  useful  applications  of  these  re- 
actions have  been  in  synthesis  of  sterols,  bile  acids,  hormones, 
and  other  natural  products  where  mild  oxidation  is  necessary.   One 
example  is  the  oxidation  of  cholesterol  to  4-hydroxycholesterol. 
I'^any  other  examples  of  uses  in  thepe  fields  are  Known.   Ruzicka 
has  done  distinguished  work  along  these  lines. 


HO- 


H0- 


Oxidation  in  the  heterocyclic  ring  systems  is  very  similar 
that  in  the  carbocyclic  ones.   a-Methylpyridine  can  be  oxidized  •' 
either  to  the  aldehyde  or  the  carboxylic  acid,  depending  on  the 
conditions  used.   ?.uinaldine  gives  principally  the  aldehyde.   3- 
Ethyl-^-methylcuinoline  is  oxidized  to  the  3-methyl-2-ouinoline- 
carboxylic  acid,  oddly.   Methyl  side-chains  on  pyrimidine,  ouina- 
zoline,  and  ben zimidazole  nuclei  all  give  aldehydes,  for  example, 


to 


N 


4 


C-CH. 


N 


/y 


^s 


2-methyiben zimida  7o\q 
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*S 
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NH 
C-CH3 
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2-methylouinazolone 
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C-CHO 
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\ 


NH 


•C-CHO 


Dehydrogenation  is  also  a  common  and  an  important  reaction 
produced  by  selenium  dioxide.   Well  known  examples  are  the  prepara- 
tions of  polyenes,  as  in  the  conversion  of  1, 1, 6, 6-tetraphenyl-l , 
5-hexadiene  to  the  corresponding  hexarriene.   Dibenzyl  is  converted 


G  Q  H5 

NC=CH-CHa-CHs-CH=C 

^6^5'' 


„C8H, 


n«H, 


"\, 


XfiHi 


X. 


CeH 


^  ;C=CH-CH=CH-CH=C^ 
CBH5  C6H 
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to  stilbene  at  300°,  and  on  subsequent  oxidation  goes  on  to  benzil, 
the  latter  step  going  in  95^  yields.   Tolane  also  gives  benzil, 
but  in  only  F5^  yields,  the  reaction  going  at  280°.   Benzylcamphor 
gives  benzilidenecamphor  in  quantitative  yields. 

A  few  cases  are  known  where  oxidation  and  dehydrogenation  oc- 
cur together.   A.n  example  is, 

CH3-<^    ^>-CK         0HC~<f    X>-CH 


•CH3  V^/     vCKa 

a-phellandrene  cuminaldehyde 

Similarly,  thymol  gives  piperitone  on  selenium  dioxide  treatment. 

Of  all  the  examples  of  catalytic  action  of  Se03,  one  stands 
out  as  spectacular.  If  cyclohexene  is  oxidized  with  H303  in  the 
presence  of  selenium  dioxide,  pure  trans -eye lohexanedlol  results. 

3,  Reaction  with- aid ehyd es  and  ketones. — The  fact  that  selen- 
ium dioxide  has  a  specific  oxidizing  action  on  active  methyl  and 
methylene  groups  has  already  been  pointed  out.   These  reactions 
usually  go  in  high  yields,  and  are  especially  useful  for  preparing 
polyketones.   1, 3-Diketones  are  oxidized  to  triketones,  for  ex- 
ample, acetylacetone  gives  dimethyl  triketone, 

Q  Q  0  0  0 

n  n        ff  ii  ii  ii 

CH3  —  C~  '->n  2~~  C— CK3   — >     CH3  ""C— C~ C~ CH3 

1 ,4-Diketones  undergo  desaturation,  for  example,  acetonylacetone 
gives  diacetylethylene, 

?  9  9         2 

CH3-C-CHa-CH8-C-CH3  -»  CH3-C-CH=CH-(J-CH3 
These  reactions  are  very  useful  and  ouite  general. 

4.  Some  condenstion  reactions. — A   few  cases  of  attempted 
oxidation  which  should  have  gone  well  resulted  in  condensation  of 
two  molecules.   The  reaction  is  not  general,  nor  has  it  been 
studied  and  characterized  yet,  but  the  examples  on  record  are 

CeHs-N C=0     C6H5-N — C-OH  HO-C N-C6H5 

I    I     -       I    II        II    I 

N   CH3  N   C C    N 

C03C2H5  ^03C3H5      C03C2H5 

5-0 xy -1 -phenyl -pyra  zollne- 
2-carboxylic  ester 
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2-hydroxytfrionaphthene 
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5.  Mechanism  of  the  reaction. — A  good  deal  of  work  has  been 
done  on  the  mechanism  of  selenium  dioxide  reaction?  by  Guillemonat 
(?)  and  by  Emeleue  and  Riley  (5).   There  seems  to  be  little  doubt 
that  organoselenium  intermediates  form  which  elemlnate  Se  under 
mild  conditions  leaving  the  oxidation  products.   Many  intermediates 
have  been  isolated.   Emeleus  and  Filey  have  likened  oxidation  with 
Se02  to  peroxidation  or  auto-oxidation. 

The  mechanism  proposed  for  oxidation  of  alcohols  is, 

?.RCH3OH  +  ce03  -»  (RCK2)3Se03  +  H30 

(^CH2)2Se03  ->  2R0H0  +  Se  +  H20 

The  selenium  can  be  recovered  and  reused. 

The  mechanism  for  oxidation  of  hydrocarbons  to  alcohols  pro- 
posed is, 


RCHoiH 


KCKaR 


0=!Se=O 


-*   v  nun  3  /  4.>-c 


KoO 


PCH20H  +  RCH3 
+ 


RCH^H   '   ,   HCH3R 

Se  +  RCH3  +  RCH8OH  < RCH3-Se-CH3R 

and.  the  mechanism  for  dehydro^enation  proposed  is, 

CH3-CH=C-CHa-Se-CH3-C=CH-CH3  — >  CH3=CH-C=CH3  +   CH3-C=CH-CH3 
uH3  CH3  CH3  CH3 

The  yields  in  general  are  consistent  with  these  mechanisms  as  well 
as  many  other  factors. 
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the  alcohol  Ptage.   The  effect  of  temperature  ie  ehown  by  the 
^rork  of  Campbell  and  Harris  (6)  who  found  that  when  A 9  >  10-octalin 
If  oxidised  vith  pelenium  dioxide  at  5°  it  give?  Ae' »  10-octal-l-ol, 
at  30°  it  gives  A9'  10-octalin-l , 5-diol ,  and  at  19.0°  the  product  is 
hexahydronaohthalenediol-1 , 5. 

Although  ?e03  ie  often  used  as  a  dehydrogenating  agent,  it 
rarely  pplitP  the  C-C  bond.   For  catalytic  action,  ^e02  is  often 
used  in  sulfuric  acid  solvent  (recall  Tfjeldahl  nitrogen  determina- 
tion ). 

The  reaction?  with  Se02  are  fairly  predictable,  usually  con- 
trollable, well  adapted  to  laboratory  procedures,  and  usually  pro- 
ceed without  causing  any  disruption  or  rearrangement  in  the  mole- 
cule.  This  reagent  effects  many  mild  oxidations  impossible  with 
ordinary  oxidizing  agents. 

A  rather  complete  table  of  general  organic  molecules  which 
have  been  subjected  to  selenium  dioxide  oxidation  and  the  products 
which  we<  e  isolated,  along  with  references  to  original  work  in 
each  case,  is  given  on  pp.  258-283  of  a  review  article  by  Waitkine 
and  Clark  (2). 


Bibliography 

1.  Vene,  Bull,  soc .  chim.  (France),  12,  506  (1945). 

2.  Waitkins  and  Clark,  Chem.  Rev.,  36,  235  (1945). 

3.  Guillemonat,  Ann.  Chim.,  11,  143  (1939). 

4.  Cook,  J.  Chem.  £oc,  1932,  1472. 

5.  Fmeleus  and  Riley,  Proc.  Roy.  3oc.  (Tondon),  A140,  378  (1933). 

6.  Campbell  and  Harris,  Jour.  Am.  Chem.  Soc,  65,  2721  (1941). 

7.  Yokoyama,  Jour.  Chem.  ?oc.  Jaoan,  59,  271  (1938), 


Reported  by  K".  "f.  Beck 
October  25,  1946 


27 


THIONES  AND  THIAIS 
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Thiones  and  thials  are  compound?  of  the  structure  RCR',  where 
R  and  R'  may  be  H,  alkyl,  or  aryl  groups.   Also  included  in  the 
discussion  are  compounds  of  the  formula  (RCSR')n,  where  n  =  2  or  3, 
and  of  the  formula  HS(RCSR' )XH,  where  x  is  any  number,  usually 
greater  than  3. 


Preparation. — The  most  useful  method  of  preparation  of  thials 
and  thiones  is  by  the  action  of  hydrogen  sulfide  on  a  solution  of 
the  aldehyde  or  ketone,  usually  in  the  presence  of  acid.   As  re- 
ported in  Organic  Syntheses  (1),  this  reaction  yields  92-94  per  cent 
of  trithiof ormaldehyde. 

A  possible  mechanism  for  the  reaction  (2)  involves  first  the 
addition  of  H2S  to  formaldehyde.   Three  molecules  of  this  addition 


CK,0  +  HoS 


£H 


CH: 


'\ 


OH 


product  then  react,  with  loss  of  water  to  give  the  trimer 


S. 

cH.m 


sv  s 

xctL 


give  trithioacetaldehyde. 
are  known. 


or  they  may  polymerize  to  give 
HSCH8SCHsSCHaOH  or  larger  molecules. 
Alkyl  thials  probably  do  not  exist  in 
the  monomeric  form  (3a). 

Acetaldehyde  reacts  similarly  to 
Two  isomers  (cis-trans )  of  this  compound 


CH3  CH; 

'~~3\W*  A"         v. 

S"    p  and   Sv  S    C 

H  CH3 


Aryl  thials  and  alkyl-  and 
alkoxy-substituted  aryl  thials  have 
been  prepared  in  the  same  way. 
Similarly,  thiones  are  prepared  by 
the  action  of  hydrogen  sulfide  on 
ketones.   Thiones  trimerize  readily 
also. 


Other  methods  of  preparing  thials  include  action  of  sodium 
thiosulfate  on  aldehyde?,  reaction  of  thioacetoacetic  esters  with 
aldehydes,  and  reaction  of  sulfides  with  alkyl  halid.ee. 

For  thiones,  special  methods  of  prepartion  include  action  of 
phosphorus  sulfides  on  ketones  and  reaction  of  vinyl  halides  with 
metai  sulfides. 


Trithioformaldehyde  has  been  nroved  to  exist  in  a  planar  ring 
structure  (4).   All  of  the  sulfoxides  which  would  theoretically 
exist  for  such  a  structure  have  been  isolated.   Only  one 
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A,  Is  known,  which  forms  two  different  dieulfoxid.es,  B  and  C. 
C  yields  only  one  trisulfoxide,  E,  so  the  trans  structure  was  as- 
signed to  C.   B  yields  two  trieulf oxides,  one  identical  with  E, 
and  a  different  one,  D.   This  indicates  that  B  has  the  cis  con- 
figuration.  A  nonplanar  structure  would  require  more  isomers. 

Trithioacetaldehyde  exists  in  cis  and  trans  forms,  as  stated 
earlier.   The  production  of  one  or  the  other  isomer  can  be  favored 
by  varying  the  conditions  under  which  the  preparation  is  carried 
out;  the  less  stable  a-form  (m.p,  101°C)  can  be  converted  into  the 
p-form  (m.p.  125°C)  by  various  means.   The  proof  of  structure  of 
this  compound  has  been  on  the  basis  of  the  monosulfones  (5).   The 
a-form  yields  one  monosulfone,  while  the  fr-form  yields  two.   All 
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three  monosulfones  are  different.   On  this  basis,  the  lower  melt- 
ing, more  soluble  q-isomer  has  been  assigned  the  cis-trans  struc- 
ture, while  the  higher  melting,  less  soluble  p-form  is  called  cis 
Since  this  is  contrary  to  the  upupI  behavior  of  cis  and  trans 
isomers  (?b),  the  question  of  structure  is  still  open  to  some 
doubt . 

Physical  properties. --Virtually  all  the  monomeric  thiones 
are  colored  ( r*c  ) .  Absorption  curves  of  some  thiones  have  been 
measured.  Several  thiones  show  a  band  at  5900  %.  (6)  and  other 
characteristic  bands  have  been  observed  in  various  compounds.   In 


f^-L 


the  series  C=NH,  C=0,  C=S  the  extinction  increases  and  the  absorp- 
tion bands  shift  toward  the  red  in  that  order  (7,8).   On  the  basis 
of  optical  properties  it  has  been  proposed  that  thiones  exist  in  a 
free-radical  form  to  a  small  extent.   The  absorption  curves  show 
a  difference  in  the  structure  of  the  carbonyl  and  thiocarbonyl 
group  (9).   The  behavior  and  color  characteristics  of  thiones  in- 
dicate the  possibility  that  they  exist  in  a  thione-free-radical 
tautomerism.   Facts  which  bear  this  out  are  the  similarity  of  the 

color  changes  of  diaryl  ketones  and 
xq  _  5  _ »  \  _  5       hexarylethanes  when  methoxy  or  dimethyl- 
■^  <r~  ^\         :       amino  groups  are  introduced,  and  the 

similar  chemical  reactions  of  diaryl 
thiones  and  triarylmethyls  (such  as  the  formation  of  unstable 
peroxides  in  air. ) 

Further  evidence  of  free  radical  formation  is  found  in  the 
comparison  of  the  dissociation  tendencies  of  the  polymeric  thiones 
and  the  corresponding  members  of  the  ethane  series  (10).   Tetra- 
phenylethane  (I)  and  2, 4, 6-triphenyltrithiane  (II)  are  stable,  but 
replacing  the  hydrogens  with  phenyl  groups  greatly  increases  the 
tendency  to  dissociate. 


C6H5  If     9^6HB  H   S   H 

^6^5  C6H5 


C6Hr     XGES  C6Hs      I  C6H 
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The  dipole  moment  of  the  C=S  group  is  about  0.5  x  10~18 
greater  than  that  of  the  C=0  group.   It  has  been  proposed  that 
this  is  evidence  of  a  difference  in  structure  of  the  two  groups, 
since  8  smaller  moment  would  be  expected  for  the  C=S  group  (9). 

The  bond  energy  for  the  C=0  group  is  152  kg.-cal.,  and  that 
for  the  C=S  group  is  103  kg.-cal.  (11).   This  difference,  indicat- 
ing a  much  weaker  bond,  is  in  accord  with  the  free-radical  type  of 
structure  in  the  C=S  group  (3d). 

The  interatomic  distance  also  agrees  with  the  free-radical 
concept.   Use  of  the  interatomic  distances  of  Pauling  (11)  gives 
the  value  1.61  8.  for  the  carbon-to-sulfur  distance  in  C=S,  and 
1.26  &  for  the  carbon-to-oxygen  distance  in  C=0.   (These  figures 
were  not  determined  on  thiones.) 

Recently,  Lewis  and  Kasha  (12,13)  have  made  some  interesting 
calculations  based  on  phosphorescence  and  absorption  of  compounds 
in  the  triplet  or  biradical  state.   A  tyoical  example  of  this 
biradlcal  state  would  be  the  free  radical  of  thiobenzophenone. 


-4- 


v_^;. 


:C:S: 


Thiobenzephenone  was  used  to  dem- 
onstrate the  identity  of  the  phos- 
phorescent and  the  triplet  states. 
The  triplet-state  energy  (E't  = 
kg.-cal.)  for  the  thiobenzophenone 
was  calculated  from  both  phosphor- 
escence and  absorption-spectrum 
data.   It  was  shown  that  the  ab- 
thion.es  are  due  to  absorption  from 


normal  colors  of  the  monomeric 
the  singlet  to  the  triplet  state. 

The  tendency  of  thiones  to  dimerize  or  trimerize  was  also 
discussed  (13).   If  the  energy  of  association  is  represented  by 
^Dim>  the  3imer  ie  thermodynamically  stable  when  Ej)^m>  2E% ,  where 
E^  stands  for  the  triplet-state  energy.   Therefore,  in  all  cases 
where  Et  is  small,  dimerization  might  be  expected.   This  does  not 
hold  when  E^im  is  also  small,  owing  to  steric  hindrance  or  other 
effect?,  as  in  the  case  of  di-tert-butyl  thione.   Similar  con- 
ditions apply  to  the  case  of  trimerization  also. 
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THIONES  AND  THIAIB 


Part  II  -  p-Thioketonic  Esters 


Extensive  investigations  of  e-thioketo  esters  were  made  by 
Mitra,  upon  whose  work  the  following  report  is  based. 

When  ethyl  p-chlorocrotonate  was  treated  with  potassium  bi- 
sulfide in  alcohol,  a  ^0%   yield  of  ethyl  thioacetoacetate  (II)  and 
a  considerable  amount  of  ethyl  j?~dicrotonyl  sulfide  (I)  resulted. 


CHaC=GHC03CaHB  K-^   CH3-9=CHSC03C2HS 

S  + 

i 

CH3-C=CH3C02C2H5 


(I) 


SH  ^  S 

CH3-C=CHC02C2H5  -»  CH3-C-CH2C02C2H5      (II) 

Thioacetoacetic  ester  reacted  with  phenylhydrazine  to  give 
phenylmethylpyrazolone  in  60f   yield.   It  also  reacted  with  hydroxyl- 
amine  with  evolution  of  hydrogen  sulfide.   The  presence  of  the  thiol 
group  was  proven  by  decolorizatlon  of  an  alcoholic  solution  of  io- 
dine and  by  formation  of  the  lead  salt. 

Ethyl  -thioacetoacetate  and  ethyl  thioacetonedic jrboxylate  have 
been  prepared  in  85#  anc1  75f  yields,  respectively,  by  parsing  hy- 
drogen sulfide  into  an  alcoholic  solution  of  the  corresponding  jB~ 
keto  esters  saturated  with  hydrogen  chloride.   The  thioketonic 
esters  were  purified  by  decomposition  of  an  alcoholic  suspension  of 
their  lead  salts  with  hydrogen  sulfide. 

Thioacetoacetic  ester  can  be  alkylated  by  the  action  of  alkyl 
halide  on  its  sodium  derivative  in  benzene.   Thioacetoacetic  ester 
differs,  however,  from  acetoacetic  ester  in  that  the  S-ether  is  ob- 
tained rather  than  the  C-alkylated  product. 

On  treatment  of  the  p-alkylmercapto  compound  with  phenyl  hy- 
drazine under  ordinary  conditions,  no  hydrogen  sulfide  is  evolved— 
showing  the  absence  of  a  thioketonic  group.   If  the  reaction  is 
carried  out  at  elevated  temperatures,  the  corresponding  mercaptan 
and  dehydropyrazolone  result. 

The  S-ethers  of  the  p-thioketonic  esters  do  not  react  further 
with  sodium.   The  dialkyl  derivatives  analagous  to  those  of  aceto- 
acetic ester  could  not  be  obtained  directly  and  the  effect  of  the 
thiocarbonyl  group  on  the  second  hydrogen  atom  of  the  reactive 
methylene  group  could  not  be  studied . 

The  C-alkyl  derivative  of  thioacetoacetic  ester  can  be  syn- 
thesized from  ethyl  a-ethylacetoacetate  by  the  hydrogen  sulfide- 
hydrogen  chloride  method.   The  £-ether  is  then  prepared  in  the 
usual  manner. 
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Mitra  alpo  studied  the  equilibrium  reaction 


ChoC^CRCJoCprii 


I 


CHsC  —  ChRCO  pC  ah 5 


and  estimated  the  per  cent  of  thiol  at  various  temperatures. 

Bromination  for  keto-enol  estimation  could  not  be  used  in  the 
case  of  thioketonic  esters  because  of  side  reactions  other  than  the 
addition  of  bromine  at  the  double  bond.   These  side  reactions  might 
be  oxidation  of  thiol  to  disulfide,  oxidation  to  sulfone,  addition 
of  bromine  to  the  sulfide,  or  reaction  with  a  hydrogen  atom  of  the 
active  methylene  group. 

The  method  of  oxidizing  the  thiol  to  the  disulfide  by  means  of 
an  alcoholic  solution  of  iodine  was  employed.   The  procedure  adopted 
was  to  maintain  the  p-thioketonic  ester  in  alcohol  in  a  thermostat 
at  the  reouired  temperature  for  siv  hours,  then  auickly  transfer  it 
to  an  alcoholic  solution  of  iodine  at  -7°  and  titrate  the  excess 
iodine  with  sodium  thiosulfate  solution.   The  results  are  summarized 
in  the  following  table. 


CH,CSCHRCO,C9H 


2KJ2L1S 


m   %   thiol  in  eauilibrium 
30°  40°  60° 


1.  R  =  H 

41 

8.  R  =  CH3 

62.8 

5.  R  =  CHsCH(CH3)a 

-- 

4.  R  =  COpCpHg 

61.1 

61.9 


38.7 

60.0 
64.4 
58.5 


It  is  evident 
as  the  temperature 
atom  increases  the 


that  there  is  a  shift 
is  increased  and  that 
thiol  phase. 


toward  the  thione  phase 
substitution  on  the  carbon 


Mitra  found  that  p-thioketonic  esters  condensed  with  alde- 
hydes in  the  presence  of  acids  and  a  trace  of  moisture  to  form  tri- 
thioaldehydes  and  the  ketonic  esters.   The  fact  that  the  reaction 
could  not  be  carried  out  in  a  perfectly  anhydrous  medium  suggested 
that  aldehydes  first  form  an  unstable  hydroxy  sulfides  (III)  with 
p-thioketonic  esters  in  the  thiol  phase  and  upon  hydrolysis  yielded 
the  hydroxymercaptans  ( IV)  which  lost  water  intramolecularly  to  form 
stable  trithio  derivatives  (V). 


CH„C=CHCOoC,H, 


RCHO 


?H 
SCHR 

CH,4=CHC0pCpH, 


2^2IJ5 


V     0 


.OK 


RCH 


/ 


"SK 


III 


IV 
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Several  aryl  thiale  anc1  one  alkyl  thial,  trithioformaldehyde, 

were  preparer";  in  this  manner.   The  general  procedure  involved  dis- 
solving the  p-thioketonic  ester  in  alcohol  saturated  with  hydrogen 
chloride  at  0°.   The  aldehyde  together  with  a  few  drops  of  water 
war  next  added  to  the  mixture  which  was  kept  at  100   for  a  Phort 
time  and  left  overnight.   The  product?  were  identified  with  those 
obtained  by  the  reaction  of  aldehyde  with  hydrogen  sulfide  in  an 
alcohol  solution  saturated  with  hydrogen  chloride. 

In  support  of  this  mechanism,  Mitra  was  able  to  prepare  ethyl 
p-methoxymethylmercaptocrotonate  (which  is  the  methyl  ether  of  III 
when  R  equals  hydrogen)  by  the  action  of  chloromethyl  ether  and 
ethyl  sodiothioacetoacetate  in  benzene.   Hydrolysis  of  the  reaction 
product  with  concentrated  hydrobromic  acid  at  room  temperature  gave 
trithioformaldehyde. 

By  using  ethyl  a-methylthioacetoacetate,  ethyl  cc-isobutylthio- 
acetoacetate,  diethyl  thioacetonedicarboxylate  and  diethyl  thio- 
acetylmalonate  as  p-thioket onic  esters,  benzaldehyde,  formaldehyde 
anisaldehyde  and  vanillin  formed  the  corresponding  p-trithioalde- 
hydes. 

Aldehydes  and  p-thioketonic  esters  also  reacted  in  alkaline 
media  giving  trithials.   Thioacetcacetic  ester  and  benzaldehyde 
condensed  in  piperidine  to  an  oil  which  solidified  upon  standing 
for  twenty-four  hours.   Molecular  weight  determinations  and  analy- 
ses indicated  that  this  compound,  was  a  polymer  (C6H5CHS)7, 
(m.p.  32-83°).   When  the  polymer  was  treated  with  piperidine  and 
chloroform  followed  by  benzoyl  chloride,  p-trithiobenzaldehyd.e  re- 
sulted (m.p.  226°).   Treatment  of  anisaldehyde  in  the  same  manner 
gave  a  solid,  melting  at  73-75°,  which  proved  to  be  (CH30CeH4CH8) llm 
There  various  polythials  were  depolymerized  in  basic  media  since 
they  gave  phenylhydrazones  with  phenylhydrazine  alone  ir   in  pyri- 
dine. 

Monomeric  thioacetophenone  and  thiobenzophenone  have  been  pre- 
pared from  the  corresponding  ketones  and  thioacetoacetic  ester  and. 
hydrogen  chloride.   The  farmer  is  a  dark  violet  oil  boiling  at 
110°  at  20  mm.  pressure,  and  the  latter  a  blue  oil,  boiling  at 
155°  and  10  mm. 

With  few  exceptions  monomeric  thiones  are  highly  colored 
compounds. 


34 


-4- 


BibliDgraphy 

1.  Campaigne,  Chem.  Rev.,  39,  1  (1946). 

2.  MItra,  J.  Indian  Chem.  Soc . ,  8,  471  (1931). 

3.  Mitra,  J.  Indian  Chem.  Soc,  9,  633  (1932). 

4.  Mitra,  J.  Indian  Chem.  Soc,  10,  71  (1933). 

5.  Ray,  Mitra  and  Ghosh,  J.  Indian  Chem.  Soc,  10,  75  (1933). 

6.  Mitra,  J.  Indian  Chem.  Soc,  10,  491  (1933). 

7.  Mitra,  J.  Indian  Cxhem.  Soc,  15,  129  (1938). 

8.  Mitra,  J.  Indian  Chem.  Soc,  15,  205  (1938). 


Reported  by  A..  J.  Speziale 
November  1,  1946 


35 


RFDUCTIONS  WITH  NICKEL- ALUMINUM  ALLOY 
IN  AQUEOUS  ALKALI 


I.  Carbonyl  compounds. — Unlike  certain  other  method?  for  the 
reduction  of  carbonyl  compounds  this  method  is  not  specific.  The 
type  of  reduction  product  is  dependent  upon  the  following  factors, 

1.  Structure  of  carbonyl  compound 

CfiHcCOR  — >  hydrocarbon 
R  =  H,  alkyl,  aryl 

C6"5(CHa)xC0R»  -»  Carbinol 
R1  =  H,  or  alkyl 

2.  Solubility  of  carbonyl  compound  in  alkali. 

3.  Effect  of  solvent. 

II.  Displacement  of  groups  by  hydrogen. — When  treated  with 
nickel-aluminum  alloy  in  aoueous  alkali  halogen  and  sulfonic  acid 
groups  are  displaced  by  hydrogen,  the  displacement  of  these  groups 
being  apparently  independent  of  their  number,  their  position,  or 
the  presence  of  other  groups. 

In  disubstituted  benzene  derivatives  the  alkoxyl  groups  can  be 
displaced  by  hydrogen,  the  displacement  being  dependent  upon  the 
nature  and  position  of  the  other  substituent. 

With  the  introduction  of  a  third  substituent  in  the  benzene 
ring  the  displacement  of  alkoxyl  leads  to  complications. 

III.  The  carbon-carbon  double  bond. — In  all  compounds  contain- 
ing aliphatic  chain  double  bonds,  and  a  chain  double  bond  in  con- 
jugation with  an  alicyclic  double  bond  the  reduction  proceeds 
smoothly  and  in  good  yields.   An  anomolous  behavior  is  observed  in 
reduction  of  isolated  ring  double  bonds. 

IV.  Rupture  of  the  methylenedlox.yl  bridge. — Methylenedioxy- 
benzene  and  several  of  ite  derivatives  substituted  in  the  4-posi- 
tion,  on  reduction  with  nickel-aluminum  alloy  and  aoueous  alkali, 
are  converted  to  the  m-hydroxy  compounds  in  good,  yields;  the  con- 
version being  independent  of  the  type  of  substituent  present. 
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THE  WILLGERODT  REACTION 


The  Willgerodt  reaction  ha?  in  the  past  referred  to  the  con- 
version of  an  aralkyl  ketone  to  an  amide  with  the  same  number  of 
carbon  atoms,  but  recent  publications  indicate  that  it  is  effect- 
ive as  well  with  aliphatic  ketones.   The  original  process  in- 
volved reaction  of  the  ketone  with  an  aqueous  solution  of  am- 
monium polysulfide  at  a  temperature  in  the  range  of  200°  to  225° 
C.  in  a  sealed  tube.   The  reaction  may  be  expressed  by  the  fol- 
lowing equation 


ArC(CH2)nCH3 


(NK4)3S 


2UX 


Hs0 


ArCH2(CH2)nCONH3. 


The  Kindler  modification  which  was  introduced  in  the  1920* s  con- 
sists of  heating  the  ketone  with  sulfur  and  a  dry  amine  instead 
of  aqueous  ammonium  polysulfide.   A  thioamide  is  formed  as  the 
principal  product  and  hydrolysis  with  acid  or  alkali  gives  the 
carboxylic  acid  (1,  2,  3). 

In  1945  Cavalieri,  Pattison  and  Carmack  (4)  announced  their 
successful  application  of  the  reaction  to  purely  aliphatic  and  to 
allcyclic-aliphatic  ketones  which  thus  affords  a  new  approach  to 
the  synthesis  of  branched  or  straight  chain  fatty  acids.   King  and 
McMillan  (5)  subjected  phenylacetone  to  the  Willgerodt  reaction 
and  obtained  £--phenylpropionamide  showing  that  it  was  not  neces- 
sary for  the  carbonyl  group  to  be  adjacent  to  the  aromatic  ring 
in  the  aromatic  aliphatic  ketones.   In  addition  they  showed  that 
methylphenylcarbinol  and  its  dehydration  product  styrene  gave 
pheny lac et amide  in  approximately  the  same  yield  as  did  aceto- 
phenone*   Carmack  and  DeTar  also  applied  the  reaction  to  olefins 
and  as  well  to  acetylenes. 


Mechanism. — The  following  fa 
proposed  mechanism:  (l)  ketones, 
and  aldehydes  all  react  similarly 
(3)  an  aralkyl  hydrocarbon  is  not 
action;  (4)  the  yield  of  amide  de 
creasing  length  of  the  side  chain 
from  or  concurrently  with  acids; 
ondary  amines  may  be  used  as  base 
complete  reduction  to  aralkyl  hyd 
side  chain  to  give  aryl  acids  and 
vativesc. 


cts  must  be  explained  in  any 
alcohols,  olefins,  acetylenes 
;  (2)  no  rearrangement  occurs; 
an  intermediate  in  the  re- 
creases  in  parallel  with  the  in- 
;  (5)  amides  are  formed  either 
(6)  ammonia,  primary  and  sec- 
s;  (7)  side  reactions  are  (a) 
rocarbons,  (b)  rupture  of  the 
(c)  formation  of  thlophene  deri- 


More  recent 
reaction  proceeds 
but  not  a  quatern 
that  txhe  Willgero 
converting  isobut 
phenylprcplonamid 
Acetophencne  cont 
demonstrated  also 
of  phenylacetamid 


information  indicates  that  probably  a  progressive 

along  the  side  chain  which  will  pass  a  tertiary 
ary  carbon  atom.   King  and  McMillan  (6)  showed 
dt  reaction  proceeds  without  rearrangement  by 
yrophenone  and  isovalerophenone  to  a-methyl~J3- 
e  and  a-methyl-^-phenyibutyraniide,  respectively, 
aining  C13  or  C14  in  the  carbonyl  group  has 

that  no  rearrangement  occurs  in  the  formation 
e  (7,  8).   The  phenylacetic  acid,  formed  in  ap- 


.'57 


_o_ 


proximately  one-fourt 
phenone  containing  C1 
active  carbon  in  the 
formed  by  a  different 
atom.  Pivalophenont , 
nary  carbon  atom  past 
trace  of  amide  but  me 
interpreted  this  as  i 
probably  proceeds  by 


of  the  amount  of  the 


however,  showed 


75$ 


amide, 
the 


of 


from  ace to- 
initial  radio- 


carboxyl  group,  thus  indicating  that  it  is 
mechanism  involving  migration  of  the  carbon 
which  contains  in  the  side  chain  a  quater- 
which  no  functional  group  can  move,  gave  no 
rely  neopentylbenzene.   King  and  McMillan  (6) 
ndicating  that  the  normal  Willgerodt  reaction 
a  progression  along  the  side  chain. 


Ammonium  sulfide  is  a  fairly  common  reducing  agent  and  sulfur 
has  been  used  as  an  oxidizing  agent  in  numerous  instances  con- 
sequently ammonium  polysulfide  may  be  both  an  oxidizing  and  a 
reducing  agent.   King  suggested  on  this  basis  that  the  following 
equilibria  may  occur. 


+K3S,  -S 
DCH3     71    C6H5CHOHCH3 


e1^ 


-H3S,  +S 


+H3S 
-H30 


j-H3S 
[     +HoO 


C6H5CSCH3 
III 


+HaS^-S 
-H3s7"+S 


II 


^-HpO 


s. 


N* 


C  <=  iic  oH—C  a 


+H8S 
CeHBCHSHCHa/ 

IV 


'/       v 

-H2S 


-H*S 


C6HBCHaCHsSH 

VI 


-St 

+H3S 


+3 
^-H3S 


C6H5CH3COOH 
IX 

i 

I 

C6H5CH3CCNK3 

X 


H30 
< — 


+S 


C5rJ5Cti3CS  3H 
VIII 


C  g  H  5  CH  3  C  oNR  3 
XI 


L>gH5Cri3CHS 
VII 


In  support  of  this  mechanism  the  following  compounds  were  con- 
verted to  phenylacetamide  in  the  yields  indicated:   acetophtnone 
(50$),  methylphenylcarbinol  (48%),  styrene  (49%),  2-phenylethane- 
thiol  (95%).   Other  ketones,  alcohols,  olefins  and  thiols  were  also 
used  to  prove  the  mechanism  (6,  9). 

Carmack  and  DeTar  from  a  detailed  study  using  aqueous  ammonia, 
sulfur  and  pyridine*  were  able  to  increase  the  yield  of  phenylacetic 
acid  from  acetophenone  from  63%  (Wlllgerodt)  to  86%  (10).   Using 
this  reagent  with  phenylacetylene  and  styrene  the  respective 
yields  of  product  were  72%  and  64%;  1-phenylpropyne  and  1-phenyl- 
propene  also  reacted  smoothly.   The  yields  of  amides  obtained 
from  ketones  and  unsaturated  hydrocarbons  decrease  in  the  follow- 
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ing  order:   ketones,  acetylenes  and  olefins  (11).   When  an 
(NH4 ) 2SX  -  dioxane  reagent  was  applied  to  isobutyrophenone  the 
principal  product  isolated  was  phenylacetamide.   It  is  significant 
that  cleavage  occurred  at  the  point  of  branching,  an  indication 
that  the  tertiary  carbon  atom  presents  a  serious  obstacle  to  the 
normal  course  of  the  reaction.   They  concluded  also  that  the 
carbon  skeleton  remains  fixed  while  a  labile  functional  group 
moves  along  the  chain  and  eventually  undergoes  irreversible  oxi- 
dative conversion  into  a  carboxylic  acid  derivative  when  it 
reaches  the  end  of  the  chain.   No  unequivocal  evidence  is  avail- 
able which  establishes  the  chemical  nature  of  the  labile  function- 
al group  capable  of  migrating  along  the  chain. 

The  isolation  of  any  a-methyl~X~phenylbutyramide  from  the  re- 
action of  isobutyrophenone  proves  that  a  mechanism  exists  by  which 
the  branched  chain  compounds  can  react  without  loss  of  carbon, 
but  the  poor  yields  from  this  and  other  branched  chain  compounds, 
the  occurrence  of  cleavage  reactions  at  points  of  branching,  and 
the  very  markedly  higher  yields  obtained  with  straight  chain 
starting  compounds  have  been  interpreted  as  pointing  to  the  ex- 
istence of  at  least  two  different  mechanisms,  one   of  which  can 
operate  effectively  only  in  unbranched  alkyl  chains.   Carmack  and 
DeTar  consider  it  unlikely  that  acetylenes  are  first  reduced  to 
olefins  before  being  converted  into  amides.   It  is  also  an  ex- 
perimental fact  that  olefins  generate  hydrogen  sulfide  when  heated 
with  sulfur  or  with  sulfur  and  amines  to  give  acetylenes.   A  re- 
action mechanism  which  they  have  proposed  is  shown  in  the  follow- 
ing equations  (12) 


OH 
R'COCH2CH3  +  RSNH  ^  R  'CCH3CH3  ^R,C-CHCH3  ^RfC=CCH3 

NR2         NRo 


S 
R'CH=CCH3  <_R'CH2C=CH2  ^R'CH2C=CH  ^RfCH3CH=CH  -*  R  'CH2CH3C-S  . 

NR2  NR2  NR2  NR2 

Recent  Contributions. — 1, 1-Diphenylethylene,  2-phenylpropene 
and  1, 1-dineopentylethylene  give  respectively  diphenylacetamide, 
a  mixture  of  a-phenylpropionamide  and  phenylacetamide,  and  neo- 
pentylacetamlde.   In  the  latter  two  cases  the  compounds  were 
cleaved  and  an  alkyl  group  eliminated  (13). 

Thiosulfates  and  ammonium  sulfite  in  conjunction  with  the 
(NH4)2Sx  reagent  gives  improved  yields  in  the  Willgerodt  reaction 
(13). 

Halogen  substituted,  alkoxyl  substituted  and  alkylthio  sub- 
stituted aromatic  aliphatic  ketones  function  as  expected.   Hydroxy, 
acetoxy,  amino,  acetamino  and  nitro  acetophenones  'also  undergo  re- 
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action  in  spite  of  earlier  reports  that  these  would  not  undergo 
the  Willgerodt  reaction  (14,  15). 

The  reaction  is  customarily  run  in  a  sealed  glass  tube.   In 
the  Kindler  modification  using  morpholine  the  reaction  could  be 
run  under  reflux  conditions.   King  and  McMillan  (14)  have  made 
comparative  studies  of  the  use  of  ten  amines  in  the  reaction  with 
styrene  and  sulfur  under  reflux  conditions.   Morpholine  gives  an 
84$  yield  of  phenylacetic  acid;  n-heptylamine  and  piperidine,  ap- 
proximately 60$  yields  and  2-ethylhexylamine  and  cyclohexylamine, 
50/o  yields.   The  other  amines  give  lower  results.   Successful 
experiments  were  also  made  with  sulfur  and  aqueous  ammonia  on  a 
variety  of  compounds  instead  of  the  regular  (NH4)2Sx.   This  re- 
agent also  has  been  used  by  Carmack  and  coworkers. 
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THE  CONSTITUENTS  OF  POISON  IVY 


Historical  Facte 

Poison  ivy,  which  If  perhaps  the  most  widely  known  of  all  the 
American  poisonous  plants,  is  found  in  nearly  all  parts  of  the 
United  States  and  Canada. 

Perhaps  the  earliest  recorded  attempt  to  isolate  the  ingredi- 
ents of  poison  ivy  responsible  for  its  dermatitis  properties  was 
made  by  Khittel  (l)  in  1858.   He  could  not  identify  the  product, 
but  thought  the  poison  was  a  volatile  alkaloid.   In  1866  Maiech  (2) 
obtained  a  volatile  acid  from  the  plant  by  steam  distillation,  but 
secured  no  definite  physiological  evidence  that  this  was  the  poi- 
son.  In  fact  some  31  years  later  Pfaff  (.^)  pointed  out  that  this 
acid  obtained  by  ^aisch  was  nothing  more  than  impure  acetic  acid 
containing  traces  of  the  poison. 

Acree  and  Syme  (4)  in  1906  came  to  a  conclusion  that  it  was  a 
glycoside,  but  this  was  refuted  by  ^cNair  (5)  in  1916  who  worked 
with  poison  oak  and  in  1921  (6)  showed  that  the  ingredient  of  this 
plant  responsible  for  its  dermatitis  properties  was  some  type  of 
an  o-dihydroxybenzene  derivative,  but  he  could,  not  identify  it. 
Analysis  showed  that  it  contained  only  carbon,  hydrogen,  and  oxygen. 
He  showed,  the  presence  of  the  hydroxy  groups  by  preparing  acetyl 
derivatives  either  by  the  treatment  of  the  ingredient  with  acetyl 
chloride  in  a  benzene  medium  or  by  treatment  with  sodium  acetate 
and.  acetic  anhydride.   He  also  obtained  a  benzoyl  derivative  with 
benzoyl  chloride  by  the  Schotten-Baumann  method.   The  dermatitant 
indicated  the  presence  of  an  ortho-dihydric  phenol  since  an  alco- 
holic solution  of  it  assumed  a  color  varying  from  green  to  brown 
when  treated  with  sodium  or  potassium  hydroxide,  and  a  highly  di- 
lute alcoholic  solution  gave  a  green  color  with  ferric  chloride 
which  turned  red  on  the  addition  of  sodium  carbonate. 

Hill  and  his  coworkers  (7)  in  1934  finally  isolated  it  in 
sufficiently  pure  form  to  enable  them  to  identify  the  vesicant  oil 
as  urushiol,  a  material  isolated  by  Riko  Majima  (8)  from  the  sap  of 
the  Japanese  lac  tree.   Majima  showed  the  structure  of  urushiol  to 
be  a  mixture  of  oyrocatechol  derivatives  as  is  indicated  in  subse- 
ouent  paragraphs.   Keil,  Wassermar,  and  Dawson  (9)  in  1944  indi- 
cated that  biological  evidence  supports  the  view  that  the  active 
ingredient  is  a  oyrocatechol  derivative  with  a  long  side  chain  in 
the  3  position.   Stevens  (10)  points  out  that  the  saps  of  ivy, 
sumac,  oak,  and  lac  trees  all  probably  contain  an  oily  material 
urushiol,  of  which  0.001  mg.  can  cause  dermatitis  in  sensitive 
people. 

Structure  of  Urushiol 

In  Japan  many  manufactured  wooden  articles  are  lacquered,  with 
the  sap  obtained  from  the  lac  tree.   Since  this  sap  possesses  a 
vesicant  nature  which  often  incapacitates  the  workers  by  very  bad 
rashes  and  blistered  skins,  Majima  became  interested  in  its  struc- 
ture and  conducted  an  extensive  investigation  during  the  years  1906 
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to  19??.   He  extracted  the  sap  by  means  of  alcohol  and  petroleum 
ether.   After  removal  of  the  solvents,  he  distilled  the  residue 
in  a  vacuum  and  obtained  an  oil,  which  he  termed  urushiol,  giving 
the  typical  reactions  associated  with  a  1 ,2-dihydroxybenzene  de- 
rivativep,  i.e.,  reduction  of  ammonical  silver  nitrate  solution, 
a  white  precipitate  of  the  lead  salt  with  lead  acetate,  and  a 
dark  green  to  black  color  with  ferric  chloride. 

^ajima  concluded  for  reasons  indicated  below  that  .urushiol  is 
probably  a  mixture  of  catechols  which  he  could  not  separate  by 
distillation  -  a  small  Quantity  of  saturated  material  (A.)  being 
present,  dissolved  in  at  least  two  unsaturated  substances  (B)  and 
(C)  with  double  bonds  in  an  aliphatic  chain,  and  possibly  accom- 
panied by  a  more  highly  unsaturated  substance  (D). 


OH 
/\-0H 

-(CK3)14CH3 
U) 


QH 


<v  /^-(CH2)7CH=GH(CH3)4CK=CH3 


(C) 


)H 

^N-OH 

~(CH3)7CH=CH(CH3)5CH3 
(B) 

OH 
f^V-OH 

^-(CH2)7CH=CH(C4He)CH=CHa 

(D) 


1.  When  urushiol  was  reduced,  all  of  the  components  were  con- 
verted into  a  single  substance,  l-n-pentadecyl-2,  3,dihydroxyben~ 
zene,  called  hydrourushiol ,  the  structure  of  which  was  established 
by  the  synthesis  of  its  dimethyl  ether  by  condensation  of  2,3- 
dimethoxyphenylpropionyl  chloride  with  the  sodium  derivative  of  1- 
dodecyne  followed  by  reduction  of  the  acetylenic  ketone  (16). 

o 

2.  By  heating  hydrourushiol  over  a  free  flame  or  at  350-400  C 
in  a  sealed  tube,  only  catechol  could  be  isolated  from  the  de- 
composition products  (17). 

3.  Oxidation  of  hydrourushiol  with  permanganate  in  cold 
aaueous  acetone  yielded  palmitic  acid,  indicating  the  side  chain 
must  be  C1SH31  (17,18). 

4.  Oxidation  of  urushiol  by  various  methods  yielded  formic 
acid,  acetaldehyde,  heotaldehyde ,  and  the  acid  C6H3(0H)3(CH3 )7C03H, 

5.  Absorption  of  bromine  in  carbon  tetrachloride  by  urushiol 
dimethyl  ether  yielded  a  product  that  was  not  homogeneous. 


6.  Quantitative  hydrogenation  of  urushiol  showed  an  average  of 
two  aliphatic  double  bonds. 
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Constituents  of  Poison  Ivy, 

Hill  and  hip  coworker?  (7)  In  1934  undertook  the  isolation 
and  identification  of  the  toxic  ingredient  of  poison  ivy.   They 
isolated  material,  indicative  of  the  presence  of  a  1, 2-dihydroxy- 
benzene  structure  which  had  a  boiling  point,  analysis,  and  molecu- 
lar weight  that  agreed  with  urushiol. 


To  establi 
urushiol,  a  gro 
of  the  ivy  oil 
saturated  oil  f 
a  solid  materia 
the  diacetate  a 
instance  produc 
corresponding  s 
of  certain  deri 
stituted  produc 


sh  the  identity  of  the  poison  ivy  extract  with 
up  of  derivatives  was  prepared.   The  dimethyl  ether 
closely  resembled  urushiol  dimethyl  ether.   The  un- 
rom  poison  ivy  was  reduced  cataly tically  and  yielded 
1  identical  with  hvdrourushiol.   The  dimethyl  ether, 
no"  the  dibenzoate  of  this  solid  yielded  in  each 
ts  which  seemed  to  be  identical  with  those  of  the 
ubstance  prepared  from  hydrourushiol .   A  tabulation 
vatives  of  urushiol  with  those  of  similarly  con- 
ts  of  poison  ivy  is  given  below. 


1.  Urushiol 


B.P.  210  C 
(0.5  mm ) 


"poison  ivy  urushiol  series" 

B.P.  210°C 
(0.4-0.6  mm) 


2.  Urushiol  dimethyl 
ether 


B.P.  *08  C 
(1.2  mm ) 


B.P.  190-195  C 
(0.3-0.6  mm) 


«5,  uydro urushiol 


M.P.  58.9-59  C 


M.P.  59  C 


4.  -ydrourushiol  dimethyl 
ether 


M.P.  36-37  C 


M.P.  36.2-37  C. 


5.  -ydrourushiol  diacetate   M.P.  50-51  C 


M.P.  50.2  C 


6.  hydrourushiol  dibenzoate   Y.P.  59.5-60.5  C  M.P.  59-60.5  C 


Waeserman  and  Dawson  (15)  in  1942  prepared  tetrahydrourushiol 
dimethyl  ether  by  preparing  .^(7 ' -bromoheptyl  )veratrole  and  then 
proceeding  by  the  set  of  reactions  as  indicated  below.   This 


H3 

\^-0C^3 
^-(CTJ2)7Br 


NaC=CH 
liq.NHg 


OCH, 


-0CH3 


NaNH. 


-(CH8)7CSCH   Ha.  NH3 
C6H13Br 


jGEq 


(CE3)7CSC(CH8)BCH: 


H3 
Ni 


OCH 


-( CH2  )  !4CH; 
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synthetic  product  «af  found  to  be  identical  with  the  compound  ob- 
tained by  Hill  through  the  methylation  and  catalytic  reduction  of 
urushiol  Isolated  from  poison  ivy. 

Compounds  B,  C,  and  D  have  not  been  synthesized  to  date. 
Vasserman  and  "Oa^son  attempted  to  prepare  B,  but  obtained  only  an 
impure  compound  that  could  not  be  purified  by  distillation.   Mason 
and  Schwartz  (11)  have  indicated  they  are  engaged  in  improving 
techniques  with  the  view  of  preparing  these  compounds  and  of  sep- 
arating compounds  B,  C,  and  D  from  the  isolated  toxic  ingredient 
of  ooison  ivy. 

Physiological  Effects  of  the  Constituents  of  Poison  Ivy. 

Hill  made  tests  on  the  physiological  activity  of  some  of  the 
ivy  products.   The  unsaturated  dihydroxy  compound  is  exceedingly 
toxic,  causing  the  characteristic  dermatitis  poisoning,  whereas 
the  dimethyl  ether  from  thi^oj.1  is  non-toxic.   The  saturated  di- 
hydroxy compound  is  only  romfflS^t  less  toxic  than  the  unsaturated 
analog,  while  the  dimethyl  ether  of  the  saturated  phenol  is  with- 
out toxic  action.   Thus  this  indicates  that  the  hydroxy  groups  in 
urushiol  are  the  chief  cause  of  its  well  known  violent  vesicant 
action. 

More  recently,  Keil  and  his  coworkers  (9)  in  1944  have  shown 
group  reactions  in  patients  sensitive  to  poison  ivy  leaves  or  ex- 
tracts were  exhibited  by  the  following  compounds. 

Compounds 

.^-pentad  ecyloyro  catechol 
urushiol  dimethyl  ether 
3-pentadecenyl-l  '-veratrole 
3-me thy lpyro catechol 
hydrourushiol  dimethyl  ether 

3-Geranylpyrocatechol  shows  a  practically  constant  group  reactiv- 
ity.  No  group  senFitivity  was  demonstrated  with  4, 5-dimethylpyro- 
catechol,  and  insignificant  responses  were  shown  by  pyrocatechol, 
4-methylpyrocatechol,  and  4-tertiarybutyl  pyrocatechol.   4-Penta- 
decylveratrole  was  inactive. 

It  is  interesting  to  note  that  3-pentadecylpyrocatechol  was 
active  although  it  contains  a  saturated  side  chain  and  that  the  4- 
isomer  gave  some  positive  reactions,  though  they  were  less  intense 
and  less  freauent. 


°L 

Number  of  Cases 

100 

21 

33 

33 

21 

21 

14 

21 

10 

20 
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THE  CHUGAEV 


REACTION 


The  Chugaev  reaction  consists  in  the  formation  of  an  olefin 
from  an  alcohol  through  the  intermediate  formation  of  a  xanthate. 
This  procedure  is  especially  useful  for  the  conversion  to  olefins 
of  those  alcohols  which  undergo  rearrangement  by  the  usual  dehy- 
dration methods, 

Xanthates  (ROCSSR)  have  been  prepared  by  the  following 
methods: 


RI 
ROK 


KOH,  C 

cs2 


ROCSSR 
ROCSSK 


ROH  Na0iV  CS*   ROCSSNa 


R'l 
RTI 


ROCSSR' 
ROCSSR' 


Reference 
4 

11,  16 
21 


Closely  related  to  the  xanthates  are  the  isomeric  dithiocarbonates 
(RSCOSR),  which,  although  they  are  more  stable  than  the  xanthates, 
give  the  same  thermal  decomposition  products  (2,9).   The  dithio- 
carbonates sometimes  result  from  the  primary  decompositions  of  the 
xanthates  and  have  been  prepared  by  the  following  methods; 


2RCNS  +  3H20  — >  RSCOSR  +  C02  +  2NH3 
2RSNa  +  C0C12  ->  RSCOSR  +  2NaCl 
RSNa  +  C0C12  -»  NaCl  +  RSC0C1  Rt_?>Na 


RSCOSR* 


17 

15 

2 


These  isomeric  compounds  are  best  distinguished  by  treatment 
with  phenylhydrazine  which  has  no  action  on  a  dithiocarbonate 
while  it  reacts  with  a  xanthate  as  follows:  (20) 


ROCSSR*  +  C«H=NHNK, 


ROCSNHNHCaHs  +  R'SH 


In  the  Chugaev  reaction  the  xanthates  undergo  thermal  de- 
composition, yielding  an  unsaturated  hydrocarbon,  carbonyl  sul- 
fide, and  a  mercaptan.   This  decomposition  is  usually  accomplished 
by  the  destructive  distillation  of  the  xanthate,   A  few  examples 
are  listed  in  Table  I, 


TABLE  I 


R  in  ^OCSSCH. 


menthyl 

cyclohexylmethyl 
i  so -amy 1 
pinacolyl 


Unsat.  Hydrocarbon 

menthene 

m ethyl en ecyclohexane 

iso-propylethylene 
t~butyl ethylene 


Reference 

6,  3 

1 

21     ^ 

15 


^ 


The  usual  type  of  decomposition  cannot  occur  when  there  is 
no  hydrogen  atom  on  the  second  carbon  atom  from  the  oxygen  of  th^ 
xanthate  group.   Laasko9  prepared  0-2, 2, 6, 6-tetramethylcyclo- 
hexyl-?-methyl  xanthate  and  found  that  when  heated  to  230°  it 
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merely  rearranged  to  form  the  isomeric  dithiocarbonate.   Nametkin 
and.  Kursanov13  obtained  stilbene  from  the  thermal  decomposition 
of  O-ben zyl-S-methyl  xanthate.   KursanovQ  obtained  tetraphenyl- 
ethylene  from  O-ben zhydryl-S-methyl  xanthate,  while  Stevens  and 
Richmond.19  obtained,  diphenylmethane  and  tetraphenyl ethane  from 
the  same  compound.   Bulmer  and.  Mann3  studied  the  thermal  decomposi- 
tion of  various  benzyl  and  p-substituted  benzyl  xanthates  and 
dithiocarbonates.   Their  results  are  shown  by  the  following 
eouation : 

p-ClC6H5CH3OCSSCH3C6H5  -* C6H5CH3SSCH3C6H5  +  C1C0H5CH  CHC6H5C1 
P_-C1C6H5CH30CSSCH3C6H5CH3  -->  C1C6H5CH  GHC6H5C1  +  CH3C6H5CH  CHC6H5CH3 
C6H5CH3SCOSCH3C6H5  -»  C6H5CH3S£CH2C6H5 

Isomeric  compounds  gave  the  same  decomposition  products  in  all 
cases.   Attempts  to  prepare  dibenzyl  xanthate  resulted  in  the 
formation  of  dibenzyl  disulfide,  indicating  that  this  xanthate 
is  not  stable.   In  some  cases  the  xanthates  and  dithiocarbonates 
distilled  at  0.1-0.5  mm.  yielding  a  form  of  the  dithiocarbonate 
that  differed  only  in  thermal  stability. 
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A  PLAN  FOR  DISTINGUISHING  BETWEEN  SOME  FIVE-  AND 
SIX-MEMBERED  RING-  KETONES 

During  the  course  of  a  study  of  the  reaction  of  a-hydroxy- 
methylene  ketones  with  hydroxyl  amine,  a  striking  difference  in 
the  behavior  of  cyclohexanone  and  cyclopentanone  derivatives  was 
observed  by  Johnson  and  coworkers  (1).   This  difference  has  been 
taken  advantage  of,  and  the  following  scheme  to  distinguish  the 
two  types  of  compounds  was  devised. 

1.  Condensation  of  the  ketone  with  ethyl  formate, 

2.  Treatment  of  the  hydroxymethylene  ketone  with 
hydroxylamine  hydrochloride  in  acetic  acid, 

3.  Examination  of  the  condensation  products. 

In  the  cases  studied  it  has  been  found  that  the  cyclohexanone  deri' 
vatives  reacted  according  to  the  conventional  scheme  "A"  giving 
rise  to  oxazoles  at  step  (2).   These  substances  were  non-acidic 
and  readily  converted  to  acidic  £-ketonitriles.   The  formation  of 


II 


/ 


Scheme  A 

0 
H 

iCOOCaHB 

y    \f=CKOH 

H3NGH-HC1 

— > 

j 

— > 

Step  1 

, 

s.      J 

Step   2 

0--N 

A    !l 

/  V-CH   NaOCH3 


V 


y\ 


N.-CN 


\y 


isoxazoles  from  open  chain  a-hydroxymethylene  ketones  and  hydroxyl- 
amine is  well  known  (2,  3).   That  the  generality  of  this  reaction 
extends  to  cyclohexanone  derivatives  is  indicated  by  previous 
work  (4). 

In  sharp  contrast  the  cyclopentanone  derivatives  (see  scheme 
B)  condensed  to  form  di-substituted  hydroxylamine  derivatives. 


Scheme  B 


0 


HCOOCUH 


2^5 


0 

J.[      J3H0H 


J 


KpNOH'HCI 


0 

;   CK  N-OH 


J2 


I 
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The  reaction  of  a  hydroxymethylene  ketone  with  hydroxyl- 
ase most  probably  involves  the  initial  formation  of  an  oxime. 
Ihe  late  of  this  intermediate  would  seem  to  depend  upon  at  least 
two  competing  reactions. 

1.  Intramolecular  dehydration  to  give  isox?zole  (I)  or 

2.  Condensation  with  reactive  hydroxymethylene  ketone  to  form 
{ J.  ±  j  • 


0 N 


r 

(CH3)n 


\/ 


CH 


or 


CH-iN-OH 


The  former  appears  to  take  precedence  when  the  cyclization 
is  unhindered  as  in  the  case  of  six-membered  ring  ketones.   With 
five-membered  ring,  however,  the  intermolecular  reaction  seems  to 
predominate. 

It  should  be  pointed  out,  in  conclusion,  that  the  cyclopenta- 
none  derivatives  which  have  been  studied  gave  rise  to  .condensation 
products  which  were  insoluble  in  the  reaction  medium  and  were 
therefore,  easily  isolated,   It  is  recommended  that  when  used'as 
a  diagnostic  test,  the  reaction  between  hydroxymethylene  ketone 
and  hydroxylamine  be  conducted  at  room  temperature. 


1. 
2. 
3. 

4. 
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SYNTHESIS  OF  BRANCHED-CHAIN  FATTY  ACIDS 

Although  branched-chain  fatty  acids  rarely  occur  in  nature 
there  has  been  special  interest  in  those  that  do  occur.   Determi- 
nation of  the  structure  of  branched-chain  fatty  acids  has  been 
rendered  difficult  by  the  lack  of  knowledge  of  the  properties  of 
pure  synthetic  branched-chain  acids. 

The  natural  occurring  acids  are  of  both  chemical  and  physio- 
logical interest,  yet  very  little  is  known  concerning  their 
structure  except  tuberculostearic  acid  which  is  probably  10-methyl 
octadecanoic  acid.   Although  isostearic,  isopalmitic,  isomyristic 
and  several  10-me"hyl  and  2-methyl  acids  had  been  synthesized,  in' 
no  case  had  the  physical  properties  of  an  entire  series  of  branched- 
chain  acids  been  investigated.   James  Cason  and  his  coworkers  In- 
augurated the  task  of  synthesizing  the  series  of  methylstearic 
acids. 

Cason  found  that  the  method  best  adapted  to  the  synthesis  of 
this  series  was  the  reaction  between  a  dialkvl  cadmium  compound 
and  t^,  carbethoxynor.oyl  chloride.   The  resulting  keto  ester  was 
then  reduced  by  the  Clemmensen  reduction  to  the  acid.   The  syn- 
thesis of  the  methylstearic  acids  thus  reduces  to  the  preparation 
of  the  desired  dial'iyl  cadmium  compound. 

For  the  synthesis  of  17-methyloctadeoanoio  acid  the  necessary 
bromide  is  ieononyl  prepared  as  indicated  by  the  following  eq.ua- 
t  ion  s  i 


Benzene 


(CH3CHCH3CH3)3Cd   +   2C1C0CH3CH3C03CE3       '  —  £CH3CH(Oig2C0(CH3)3C0?CH: 


CH3  78^ 


CrU 


Zn(Hg),    KCI  C3H5OH,    3,S04 

->  2CH3CH(CH3)SC03H  -,  2CH3-CH(CH3)5C03C3H5 

79/0  CHa  89^  £E 


Na,    C3H5OH  HBr,    H3S04 

-*  2CH3CH(CH3)60H  _+■  2CH3CH(CH3)6Br 

57f:  CH3  91^  CH3 

The   isononyl   bromide  was  used   for    the   preparation   of    Grignard  re- 
agent which   in   turn   was   treated  with  cadmium   chloride    to   obtain 
the   desired  di isononyl   cadmium. 


Ether 
[CH3CH(CH3)6]3Cd+  2C1C0(CH3)8C03C3H6       -*     2CK3CH(CH3)6C0(CH3)eCQ3C5a) 
CH3  46^  £H 


Zn(Hn:)HCl 

2CH3CH(CK3)15C03H 

_CrL 


77# 
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3y  distillation  of  a  portion  of  the  ether  from  the  diisononyl 
cadmium  and  running  the  reaction  in  benzene  the  yield  of  ethyl 
10-keto-17-methyloctadeanoate  may  be  increased  greatly.   In  most 
cases  where  benzene  is  substituted  for  ether  the  yields  are  as 
high  as  70-84$  as  based  on  the  acid  chloride.   This  increased 
yield  in  benzene  solution  is  due  to,  less  loss  of  the  dialkyl 
cadmium  reagent  through  enolization  of  the  ketone,  reduction  of 
the  diester  formation,  and  better  mechanical  stirring. 

In  the  synthesis  of  16-methyloctadecanoic  acid,  the  required 
l-bromo-6-methyl  octane  was  prepared  from  2-methyl  butanol-1  by 
the  same  method  used  for  isononyl  bromide.   The  16-methyloctadeca- 
noic acid  prepared  by  this  method  was  contaminated  with  the 
17-methyl  Isomer  which  could  not  be  removed.   l-Bromo-6-methyl- 
octane  was  prepared  by  a  method  involving  no  branched-chain 
starting  materials.   Overall  yield  from  6-ketoheptoate  was  19-30$, 

0  OH  j 

08HsMgI  +  CH3C(CH2)4C02C2H5  -*  CaHBC(CHa)4C03C8HB  4 

CK3  A 

H3 
Cr?H5C   =    CH(CH2)3C02C3HD    -*   C2H5CH  (CH  , v 4C02CsE5 

CH3  Ni  ^ 

16-Methyloctadecanoic  acid  synthesized  using  l-bromo-6-methyl- 
octane  prepared  by  the  latter  method  was  readily  purified. 

For  the  synthesis  of  15-methyloctadecanoic  acid,  l-bromo-5- 
methyloctane  was  prepared  from  2-bromopentane  by  extension  of  the 
chain  twice  by  means  of  the  conventional  reaction  of  a  G-rignard 
reagent  and  ethylene  oxide.   l-Bromo-5- methyloctane  was  also  pre- 
pared by  a  procedure  involving  no  branched-chain  starting  mate 
al  or  secondary  halide. 

Benzene        qH 
and  ether       I  3 

2CK3C0(CH3)3C03C3H5  +  2C3H7Mg3r    -~>     2C3H7-C CK2 

73^  i    j 

0   CH3 

Y 

0 


i  — 
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9H3 

2Coh\-C CK2      +      6SCC1 


CK. 


C3H7-C-(CH3)3C0C1 
0 


C3H5OH 


\ 


CH 


/ 


A 


C3H7-C-(CH3)3C0C1 

6h3 


CK3  HC1        CH3  190° 

2C3H7-C- ( CH3 ) 3C03C3H5   — >       2C3H7-C- (CH3) 2C02C2H5   — * 


OH 


CI 
CH.. 


9"H3  K2,  Pt        f-43 

2C3H7-C  =  CH-CK3C03C3H5    -->    2C3H7-0H(CH3)  2C02C2H5  {77%   yield) 

By  use  of  the  resulting  5-methyl-heptyl  magnesium  bromide  and 
formaldehyde,  5-methyloctanol-l  was  obtained.   15-Methyloctadeca- 
noic  acid,  synthesized  from  l-bromo-5-methyloctane  which  was  pre- 
pared by  either  of  the  above  methods,  had  a  melting  point  of 
41-43.5.   Cason  attributated  the  broad  melting  point  to  poly- 
morphic forms  rather  than  the  presence  of  impurities.   14-Methyl- 
tetracosanoic  acid  was  prepared  by  the  same  general  method  by 
starting  with  tf-decyl~<r~methylbutyrolacton?, 

10-Methyldocosanoic,  10-methyltetracosanoic,  and  10-methyl 
hexacosanoic  acid  have  bt(-n  prepared  by  Schneider  and  Spielman 
as  indicated.   6-Methylte 'cracosanoic  acid  was  also  prepared  by 


0 

l! 


CK- 


RMgBr  +  CK3C(CH2)8C02C3K5  -> RC (CH3) eC02C2K5 

OH 


Hydrolysis 
Dehydratlon(l2) 


CH3 
RC  -   CH(CH2)7C02H 


H2,  Ni   ?H3 


RCH(CH2)8C02H 


this  general  method.   The  ethyl  10-ketoundeanoate  was  prepared 
as  follows: 


CH3ZnI   +   C1CC(CH; 


\ 

/'  8 


30-43^ 
C02C2H5    —    CH3CO(CH2)eC02C2H5 


It  has  since  been  chcw-i  by  Cason  that  by  use  of  the  dimethyl 
cadmium  compound,  removal  of  as  much  ether  .•;  s  possible,  and  by 
running  the  reaction  in  benzene  that  the  yields  of  keto  esters 
are  generally  increased  to  75-85^. 

2-Methylstearic,  2-methyleicosanoic,  2-methyldocosanoic, 
2-methyltetracosanoi«,  and  3-  methylhexacosanoic  acid  were  prepared 
by  Schneider  and  Spielman  by  the:  following  procedure. 
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I  3  Hydrolysis 

CK3CH(C03C2H5)3  +  RI  -> RC(C02C2H5)3       ->        RCHC02H 

decarboxylation 

Synthetic  dl-lQ-methyl stearic  acid  prepared  by  Spielman 
closely  resembled  tuberculostearic  acid. 

10-Ketostearic  acid,  obtained  by  use  of  octyl  zinc  chloride 
on  GO  carbethoxynonoyl  chloride,  was  converted  to  the  barium  salt 
and  reacted  with  methyl  magnesium  bromide  to  give  10-methyl-10- 
hydroxystearic.   Dehydration  followed  by  hydrogenation  gave 
cll-lO-methyl  stearic  acid. 

Fordyce  and  Johnson  synthesized  isopalmitic  and  isostearic 
acid  by  use  of  isohexyl  magnesium  bromide  and  isooctyl  magnesium 
bromide  on  sebacyl  chloride.   The  resulting  keto  acid  was  re- 
duced by  Clemmensen  reduction.   Isomyristic  acid  was  obtained  in 
better  yields  by  use  of  9-carbethoxynonoyl  chloride. 
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SULFENIC  ACID3  AND  THEIR  DERIVATIVES 


Sulfenic  acids  are  very  re 
to  a  variety  of  products  includ. 
sulfenic  anhydrides  and  thiolsu 
accepted  formula  of  sulfenic  ac 
acid  of  civalent  sulfur.   Howev 

structure  may  be  convertible  to 
by  reactions  of  the  alkali  salt 
tion  of  a  sulfenic  acid  was  rep 
able  to  synthesize  1-anthraquin 
actions  starting  with  the  corre 
following  steps. 


activ 
ing  s 
lfoni 
ids  i 
er ,  i 


J 


s  (2 
or  ted 
onesu 

spond 


e  ana  unstable,  giving  rise 
ulfinic  acids,  disulfides, 
c  esters  (l).   The  generally 
s  RSOH  representing  an  organic 
t  is  possible  that  this 

H 
seuc:o"  form,  RSO  as  indicated 
The  only  successful  isola- 
by  Fries  (3)  in  1912.   He  was 
lfenic  acid  by  a  series  of  re- 
ing  halide  as  shown  by  the 


Na  2  32     Br . 
RC1   ->  R33R  -» 


CH,OH 


KOH 


H 


+ 


RSEr 


RSOCH. 


R30X 


SOH 


It  may  be  supposed  that  a  strong  tendency  for  hydrogen  bonding  (l) 
is  a  factor  in  the  stability  of  this  compound. 

Even  though  only  one  sulfenic  acid  has  been  isolated,  the 
ability  to  predict  correctly  the  products  of  various  reactions  by 
this  intermediate  leads  to  the  supposition  that  compounds  of  this 
structure  may  be  involved  as  shown  below. 


RSX 


H30 


(RSOH) 
(RSOH)     ->    RSOSR 
•  v   or  RSX 


v 


\ 


\ 


Phenol  etc. 


(RSOH)   +  R3C3H   —   RSC2H 

\ 

\ 

\RSC2H  (RSOH) 


V     / 


RSOoSR   RSH 


RS3R 


or  RSX 


Sulfenyl  halidea  which  may  be  regard)  I    the  acid  halide 
derivatives  of  sulfenic  acids  arc  most  commonly  prepared  by  the 
action  of  halogens  (chlorine  and  bromine)  on  th.  corresponding 
disulfides,  sulfides  and  mcrcaptans  (1,  3,  4,  o,  6)  in  inert  sol- 
vents.  Sulfenyl  bromides  are  also  prepared  by  treating  sulfinic 
acid  (3)  with  hydrogen  bromide.   Some  of  the  reactions  of  sulfenyl 
halldes  are  summarized  in  the  following  table. 
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REACTIONS  OF  8ULFENYL  HAL  IDE 


: 


Sulfenyl   Halide 


</     xx  sci 


J 


MO. 


\\  6C1 


Reagent 


^n 


CI 3   in  HOAC 


Product 


7        VS.-S    S-<< 


N03 

— / 

<f      NN.so2ci 


•/ — \ 


N 


Refer- 
ence 
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CH3-<f        sysCl 

\ 1J!I f 


CH3V^       \VSC1 


NO  2 
CH3.<^       V.SC1 


-~< 


NC 


<^ 


NO  8 

c^"    ~^>SC1 


<^""^S,Mr 


./ 


CH2   =   CH. 
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CHoOR 


>MgBr 
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Vn(ch3) 
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REACTIONS   OF    SULFENYL    -ALIDE5    (CONTINUED) 


Sulfenyl   Halide 


CI 

r 

/\\rsci 


\^\  1 


Reagent 


KCN 


Product 


CI 

l    I 


Re i er- 

ence 


,    10 


:^o 


^f  z\ 


KSCN  or    (SON) 


< 


NO  a 

V\-SSCN 


Sulfenamides,  another  important  class  of  sulfenio  acid  deri- 
vatives, may  be  briefly  described  by  the  following  equations  in 
whicn  R  may  be  an  alkyl  or  aryl  -roup  as  well  as  hydrogen.   How- 
ever, if  the  amine  reagent  is  too  weakly  basic  there  is  no  re- 
action {2,    7,  8,  9,  10,  13,  14). 


ArSX  +   HNR. 


ArSH  +  KNRS 


(0) 


ArSNR. 


ArSNR 


+  ArSSAr 


The  sulfenamides,  unlike  the  sulfonamides,  are  weakly  basic  but 
not  sufficiently  basic  to  form  hydrochloride  salts  (14),   Some  of 
their  typical  reactions  are  summarized  below. 


ArSNR.' 


HOI 

(anhyd 

■  ), 

/ 

j* 

s  alcoholic   ( 

Dr 
— — p> 

ArSCl   +   R3NH«HC1   (almost  theoretical) 

(13,    14) 


queous   HC1 


Sulfenamides  may  also  undergo  rearrangement  by  heating  with  suit- 
able reagents   (15,    16,    17,    18,    19). 


Of 


-4- 


NO. 


H 


> < 


S>.MK3   (very  small 
yield) 


^>  heat.  Aniline  <f~  '%>-Q-<f~   ~Vjjh2   (70# 

— *    S^=v^    X^X      yield) 


alcoho. 


NO. 


SNa 


•lie  NaOH   _ 

' -><f       ^R^      %       (87%   yield) 

reflux     X ~ 


The  sulfenic  esters  and  anhydrides  may  be  formed  from  sul- 
fenyl  halides.  ""  ' 


^rSX 


NaOR 


H30x 


ArSOR 
(ArSOH) 


(5,  8,  9,  10) 
ArSX 


ArSOSAr     (2,  5,  8,  10) 


Sulfenic  esters  may  undergo  rearrangement  in  the  presence  of 
hydrogen  chloride  in  benzene  solution  (20). 


CH. 


NO. 


v 


cm. 


V 


HCi 
Benzene 


Cl..< 

CH3' 


y — ^   OH   NO. 


S         SN 


Vs  .  / 


It  was  also  found  (20)  that  an  external  phenol  could  displace  the 
original  aryl  group  of  the  sulfenate  showing  that  the  rearrange- 


ment is  not  a  true  intramolecular  rearrangement. 


earrange- 


CH- 


NO. 


> v       V — c  Phenol 

CL<f   ^,-OS<f   ^\  ->    HO^ 

>-=-^     njh^  Mo  1 1  en 

CH3 


\X  -55-^ 


\ 


D-*"' 


NO  2 


V 


\. 


CH3 

+  C1<V   \\,0H 
CH3 


An  excellent  review  of  sulfenic  acids  and  their  derivatives 
was  recently  published  by  Kharasch,  Potempa  and  Wenrmeister  (1). 
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1. 

2. 

3. 

4. 
5. 
6. 
7. 
8. 
9. 

10. 
11. 
12. 
13. 

14. 

15. 

16. 

17. 
18. 

19. 

20. 
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CHLOROALKYLSILANES 

Recent  developments  in  the  chemistry  of  organic  silicon  com- 
pounds have  dealt  with  chloroalkylsilanes,  compounds  which  have 
one  or  more  chlorine  atoms  in  an  alkyl  group  attached  to  silicon. 
The  substitution  of  silicon  for  carbon  in  various  organic  halides 
causes  them  to  undergo  several  new  reactions,  usually  involving 
fission  of  the  carbon-silicon  bond.   A  study  of  the  effect  of 
structure  on  the  reactivities  of  a  number  of  these  compounds  has 
led  to  an  increased  understanding  of  the  nature  of  the  silicon 
atom  in  organic  compounds. 

1.  Chloroalkylsilanes  from  alkyltri chlorosilanes. — Me thy 1- 
trichlorosilane  on  chlorination  gives  Cl3SiCH3Cl,  Cl3SiCHCl2  and 
Cl3SiCCl3  (l).   Alkaline  hydrolysis,  with  concentrated  potassium 
hydroxide  solution,  in  each  case  causes  splitting  of  the  carbon- 
silicon  link.   Sulfuryl  chloride  and  benzoyl  peroxide  do  not 
chlorinate  methyltrichlorosilane;  this  is  ascribed  to  the  de- 
activating influence  of  the  Cl3Si-  group  on  the  a-hydrogen  atoms 
(2a). 

Chlorination  of  ethyltrichlorosilane  by  sulfuryl  chloride 
gives  a  mixture  of  a-  and  £-chloroethyltri chlorosilanes,  in  the 
ratio  1:2.5.   Dilute  alkali  attacks  only  the  Si-01  bonds  of  the 
former,  but  hydrolyzes  the  latter  to  silica  and  ethylene  (2a). 

S02C13  oh" 

C3H5SiCl3     -*    CH3CHClSiCl3   ->   [CH3CHClSi01  C-]Y  +  3  CI 
Bz302 

OH" 
ClCH3CH3SiCl3   ->   CaH4   +   S103   +  4  CI 

Similarly,  a-chloroethyltrichlorosilane  with  methylmagnesium 
bromide  gives  a-chloroethyltrimethylsilane;  the  ^-isomer  forms 
tetramethylsilane  and  ethylene  (2b).   Heating  a  mixture  of  the  two 
Isomers  with  dry  quinoline  yields  vinyltrichlorosilane  and  silicon 
tetrachloride  (3), 

N-propyltrlchlorosilane  affords  a  mixture  of  a-,  £-  and  ZT- 
monochloroalkylsilanes  by  treatment  with  sulfuryl  chloride  and 
benzoyl  peroxide  (2c).   These  give  distinctive  reactions  with 
dilute  alkali. 


BzoO 


3W2 


S03C13  OH 

n-C3H73iCl3  ClCH3CH3CH3SiCl3        — >      <3  +   Si03    +  4   CI 

+  0H- 

CH3CHClCH3SiCl3    ->   CH3CH=CH3  +  Si03  +  4  CI" 

OH- 


CH3CH3CHClSiCl3    -»   [CH3CH3CHC1S101> &]x 

+  3  Cl~ 


GO 


-2- 


Alpha-chlorobenzyltrichlorosilane  has  teen  obtained  similarly 
(2b);  the  chlorine  atom  attached  to  carbon  is  stable  to  dilute 
alkali . 

2.  Chloroalkylsilanec  from  dialkyldicr.lorosilancs . — From  the 
chlorination  products  of  dimethyldichlorosilane  have  been  isolated 
CH3SlClaCH3Cl,  CH3SlClaCHCla  and  CH3SiClaCCla  (l).   Hydrolysis 

of  each  compound  by  concentrated  alkali  results  in  the  splitting 
of  the  C-Si  bond  characteristic  of  chlorornethylchlorosilanes. 

Chlorination  of  methylethyldichlorosilane  attacks  only  the 
ethyl  group,  giving  a-  and  p-chloroethylmethyldichlorosilanes  (5). 
The  former  is  dehydrochlorinated  by  cuinoline  to  form  vinylmethyl- 
dichlorosilane. 

Treatment  of  the  crude  chlorination  mixture  of  diethyldichloro- 
silane  with  quinoline  yields  vinyltrichlorosilane  and  dlvinyldi- 
chlorosilane  (3). 

3,  Chloroalkylsilanes  from  trlalkylhalosilanes. — Trimethyl- 
chlorosilane  with  chlorine  gives  (CH3 ) 3 (CH3Cl7siCl,  (CH3 ) 3(CHC12) 
SiCl  and  CH3 (CK3Cl) 2SiCl  (1).   In  general,  a  chloromethyl  group 
attached  to  silicon  is  chlorinated  in  preference  to  an  unsubsti- 
tuted  methyl  group,  as  indicated  by  the  relative  yields  of  chloro- 
rnethylchlorosilanes. 

Reaction  of  triethylchlorosilane  with  sulfuryl  chloride  and 
benzoyl  peroxide  gives  as  before  a-  and  j-j-chloroethyldiethyl- 
chlorosilanes  (2d).   The  differences  in  reaction  with  dilute  alkali 
between  the  side-chain  chlorine  atoms  again  apx^ears. 

S02C12  CH~ 

(C3H5)3SiCl    -»     (C3H5)a(CH3CHCl)SiCl   ->   (C2H5 ) 2(CH3CHCl) SiOH 


BzoO 


2W2 


+  +  CI"* 

OH" 
(C2H5)2(ClCK2CH3)SiCl       ->       C(CaH5)aSi6]. 


+  CX    +   2   CI 


3"4 


Only  the  chlorine  attached  to  silicon  in  the  cc-lsomer  is  alkyla- 
ted by  Grignard  reagents. 

Monochloro-  derivatives  of  triethylf luorosilane  have  been 
prepared  similarly  (2d);  they  behave  like  those  of  triethylchloro- 
silane. 

4.  Chloroalkylsilanes  from  tetraalkylsilaneg . — Photochemical 
chlorination  of  tetramethylsilane  gives  chlcromethyltrimethyl- 
silane  ( silico-neopentyl  chloride)  (2e).   This  compound  reacts 
with  potassium  iodide  in  acetone  solution  to  produce  the  corresponds 


Gi 
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iodide;  both  halides  form  G-rignard  reagents.  Silico-neopentyl 
chloride  is  about  as  reactive  toward  nucleophilic  substitution 
reagents  as  n-hexyl  chloride,  but  both  the  chloride  and  iodide 
are  inert  to  silver  nitrate. 

Tetraethylsilane  yields  a  mixture  of  a-  and  p-chloroethyltri- 
ethylsilanes  with  chlorine  (4).   Alcoholic  sodium  hydroxide  in  a 
sealed  tube  reacts  with  the  former  to  produce  vinyltriethylsilane. 

The  a-chloro-  derivatives  of  tetraalkylsilanes  are  usually 
prepared  by  alkylating  cc-chloroalkylchlorosilanes  with  G-rignard 
reagents.   Some  examples  of  these  are: 

3  CH3MgBr 
Cl3SiCK2Cl  ->       (CH3)33iCH2Cl 

3  CH3MgBr 
CH3CHClSiCl3  -*       CH3CHClSi(CH3)3 

CH3MgBr 
(C2H5)2(CH3CHCl)SiCl       — >       (C2H5) 3(CH3CHC1 ) SiCH3 

The  effect  of  various  groups  attached  to  silicon  on  the  re- 
activity of  a-chlorine  atoms  has  been  studied  (2c,  2d).   It  was 
found  that  if  aryl  or  alkyl  groups  were  attached  to  silicon  in  the 
chloroalkylsilane,  the  reactivity  toward  nucleophilic  substitution 
reagents  was  about  as  great  as  that  of  sec-butyl  chloride.   If  one 
alkyl  group  were  replaced  by  hydroxyl,  or  all  three  by  chlorine, 
however,  the  reactivity  was  found  to  increase  sharply.   In  no  case 
did  the  a-chlorine  atom  react  with  silver  nitrate  solution. 

The  practical  aspect  of  these  investigations  lies  in  their 
relation  to  the  chemistry  of  the  silicones.   Since  increasing  chlor- 
ination  of  an  alkyl  group  attached  to  silicon  decreases  its  stabi- 
lity, chlorinated  derivatives  of  the  silicones  will  not  be  suit- 
able as  commercial  polymers. 
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CATALYTIC   AROMATIZATION 

I.  Introduction . — The  term  "catalytic 
aromatization"  is  a  very  broad  one,  but  it  will  be 
limited  here  to  apply  only  to  the  formation  of  aromatic 
compound?  from  paraffins  or  monoolefins.   That  specific- 
ally excludes  the  aromatization  of  cycloparaf fins  and  of 
paraffins  or  olefins  containing  aromatic  substituents. 

II.  Scope  of  the  reaction. — Any  paraffin  or 
monoolefin  containing  six  carbon  atoms,  at  leapt  five 
of  which  must  lie  in  a  straight  chain,  can  be  trans- 
formed into  aromatic  compounds  in  some  degree.   Cracking 
may  occur  before  or  after  the  aromatization  process,  but 
is  only  important  in  molecules  containing  more  than  eight 
carbon  atoms.   Isomerization  may  occur  before  or  during 
the  cyclization  process.   Table  I  has  been  compiled  to 
illustrate  the  variety  of  hydrocarbons  which  have  been 
aromatized  successfully. 

III.  The  catalyst. — From  thermodynamic  considerations 
Taylor  and  Turkevitch  have  deduced  that  the  aromatization 
process  must  compete  with  a  cracking  reaction.   Therefore 

a  good  aromatization  catalyst  must  induce  cyclization  but 
must  also  restrict  C-C  bond  rupture.   The  oxides  of  the 
metals  of  groups  VI,  V  and  IV  are  ideal  for  this  purpose 
since  at  450°c,   they  break  the  C-H  but  not  the  C-C  bonds 
in  hydrocarbons.   Table  II  gives  a  list  of  some  of  the 
more  active  catalysts  used  for  various  aromati zations. 

Since  the  catalypts  rapidly  lose  their  activity 
unless  supported  on  some  more  stable  material,  the  usual 
catalyst  is  supported  on  A1203,  MgO  or  a  purified  clay. 
Certain  inorganic  substances  such  as  Ce02,  K30  and 
Sb204  have  been  used  to  prcmcte  the  activity  and  prolong 
the  life  of  the  catalyst. 

IV.  Generalizations .--It  has  been  stated  by  Hoog, 
Zuiderweg  and  Verheus  that  the  main  product  of  the 
aromatization  of  a  compound  which  can  yield  several 
aromatic  compounds  will  be  the  aromatic  bearing  the  short- 
est possible  side-chains. 

According  to  Rideal  it  is  necessary  to  revise  the 
rule  slightly.   Ke  says  that  in  general  the  main  product 
of  such  a  reaction  will  be  an  aromatic  compound  with  one 
methyl  side  chain  and  the  remaining  carbon  atoms  in  excess 
of  six  in  one  normal  chain. 

V.  Mechanisms. — -That  the  monoolefin  is  an  inter- 
mediate in  the  aromatization  of  a  paraffin  has  been  shown 
by  Hoog,  Zuiderweg  and  Verheus  and  also  by  Pitkethly  and 
Steiner.   The  olefin  is  adsorbed  on  the  catalyst  where 
cyclization  and  dehydrogenst ion  occur  before  desorption. 
Taylor  believes  that  this  is  an  oversimplification  of  the 
process  which  ip  a  very  complex  one. 
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TABLE    I 

HYDROCARFON  USED        %   aromatic e      The   Aromatic   product?    ident. 


n-hexane 
n-heptane 

2-methyi   hexane 
n-octane 
3-metbyl   heptane 

2,5~dimethyl  hexane 

n~nonane 

n-hexene-1 

n~hexene-2 

a~heptene~l 

n-heptene~2 

5-methylhexene-2 

2-methylpent<ne-2 

3-methylpentene~2 

2-ethylbutene-l 

3- ethyl  hexane 

2,3-dimethyl  nexane 

decanes 

2,3-dimethyl  pentane 

2,2,3-trlmethyl 

pentane 
2,2,4-trimethyl 

pentane 
2-methyl~3-ethyl 

p2ntane 
2,2-dimethyl  hexane 
3,3-dimethyl  hexane 


19.5 

benzene 

36 

toluene 

31 

toluene 

46 

p_~xylene 

35 

p_-  xylene 

52 

p-xylene 

58 

p_-m  ethyl 

31 

benzene 

18 

benzene 

69 

toluene 

65 

toluene 

53 

OfjtO 

32 

32 

4-5 


18-20 


(55$),    o-xylent 

(35/) 

ethylbenzene 


2,2-dimethyl  heotane  ca.  40 


ethylbenzene 
r_~xylene(50#),pj~xylene(l0#) 

naphthalene 
toluene 

m-xylene 

j;- xylene 

m-xylene(50/),p_-xylene(25$) 

ethylbenzene,  toluene 

m-xyltne 

p_~xylene  ( 40^)  ,m  and 

p_~  xylenes 


Catal; 


TABLE  II 
sts  and  General  Conditions 


Catalyst 

Temp . 

Cr203    on   A1203 

450-550 

Cr303    on   A1303 

500 

Mo03    on   A1203 

450-550 

V205   on   AI3O3 

500-650 

Heteropolyacid s   of   Mo 

with   V,    Cr,    Th,    Fe, 

Al,    Co 

450-550 

Pt   on   carbon 

500-600 

Promotors1  used 


K  or  Ce  oxides 

Zr02 

none 

none 


none 
none 


-3- 


The  assumption  was  made  by  Herington  and  Rideal 
that  each  hydrocarbon  molecule  is  chemisorbed  at  two 
adjacent  active  centers  on  the  catalyst  surface,  and  that 
only  certain  adsorption  positions  can  lead  to  cyclization. 
On  this  basis  they  have  successfully  calculated  the  yields 
of  all  the  aromatics  to  be  expected  from  the  arornatlzation 
of  a  given  hydrocarbon. 
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THE  RUCTION  OF  a- HALO  KETONES  WITH  HYDRAZINE  DERIVATIVES 


van  Alphen  found  that  ethyl  a-chloroacetate  reacted  with 
phenylhydrazlne  in  alcohol  solution  in  the  presence  of  sodium 
acetate  to  give  a  red  crystalline  precipitate  of  ethyl  p-phenyl- 
azocrotonate  (1).   After  long  standing  l-phenyl-3-methyl-4-phenyl- 
azo-5-pyrazolone  separated  from  the  mother  liquor.   The  question 


CH3C02Na  +  ClCH2C02Et  +  HaNNH0  -*  0-N=NC=CHCO2Et 

!        CH3 


L_^ 


0-N=NCH— CCH; 


o=a 


// 


N 


0 


then  arose  whether  other  compounds  with  a  halogen  atom  adjacent  to 
a  carbonyl  group  would  also  react  with  phenylhydrazlne  to  give 
products  with  the  conjugated  system  -N=N-C=C-  (2). 

Previous  investigators  had  obtained  products  from  phenyl- 
hydrazine  and  a-halocarbonyl  compounds,  but  little  was  done  con- 
cerning their  structures  (3,4). 

van  Alphen  found  that  a-chloro-a-methylacetoacetic  ester  re- 
acts with  jo-bromophenylhydrazine  to  give  crystalline  £-r (£~bromo- 
phenylazo)-a-methylethylcrotonate. 


Me 
Br0-N=NOCCO2Et 
Me 


The  reaction  between  phenylhydrazlne  and  ethyl  a-chloro- 
benzoylacetate  gives  different  products  according  to  the  experi- 
mental conditions. 


2  0-NHNH2 
0-CO-CHCO2Et    ->      0-NHNH-CO-0  +  0NHNH2» HC1 
CI       Ether 


0-NHNH2 

NaOAC 
> 

aq.  EtOH 


COpEt 
0-C CH-N=N0       I 


0 


N    C=0 


I  — CH— C=N-N— 
0 


0 


Substituted  phenylhydrazines  yielded  resins  with  a-chlorobenzoyl- 
acetic  esters. 


Go 
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Desyl  chloride,  0-CO-CHC1-0,  was  next  examined.   Resinous 
products  were  always  obtained  with  phenylhydrazine  or  its  sub- 
stitution products.   Thus  it  appears  that  an  a-haloketone  with 
the  carbonyl  group  adjacent  to  a  phenyl  nucleus  does  not  give  a 
compound  containing  the  grouping  -N=N~C=C-  when  treated  with 
phenylhydrazine . 

Br0-N=NC=CH-0  was  obtained  from  the  reaction  of  a-chloro-a- 
CH3 
phenylacetone  with  jp_-bromophenylhydrazine. 

With  benzoylhydrazine  or  4-phenylsemicarbazide,  a-haloketones 
appear  not  to  yield  compounds  with  the  grouping  -N=NC=C-,  or  at 
least  not  directly  (5). 

van  Alphen  was  next  concerned  with  the  proof  of  the  structure 
of  the  product  of  the  condensation  of  -chloroacetophenone  with 
phenylhydrazine  (6,7,13).   The  possible  structures  are 


(I) 


CH8=C-0 


0-N=N 


and  (II) 


0-N- 


■C-0 

II 

■H 


The  compound  undergoes  the  following  reactions: 


HC1   0-CO-CH3CH8-CO-0 

HOAO   0~C~CH2CH=C-0 

II        I 

(8)      M N-0 


0NHNHa  in  glacial  HOAc 
^ (9) 


Ozone   KoO  OHC-CHO  +  Residue 


Ha,  Ni   N.R. 


i   A 

0-CO-CH8CHa-CO-0 


which  were  interpreted  as  proof  of  structure  II,  and  also  of  the 
fact  that  no  mesomerism  occurs  in  these  compounds  where  a  single 
bond  must  disappear  (10,11,12). 


'  < 
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DIBIPHENYLENETHYLENE  (DBPE)  68 


Dibiohenylenethylene  is  a  deep  red  solid  melting  at 
187-189«C,  and  if  one  of  the  few  colored  hydrocarbon?  known. 
It  was  first  prepared  by  De  la  Harpe  and  van  Dorpe  in  1875  (l). 


DBPE  (28,35)  has  been  prepared  in  many  different  ways. 
The  more  important  of  these  are  listed  below. 

1.  Harpe  and  Doroe  heated  fluorene  with  lead  ©xide  at 
elevated  temperatures  (l). 

o 

2.  Fluorene    treated  at   a   temperature   of   250-300  C  with 
bromine  ©r   chlorine    (3). 

3.  Fluorenone   dichlcride  heated  with  copper  powder    in 
benzene    (12,17)    or  metallic    silver   in   ethyl   acetate    (14.) . 

4.  Dehydration  of    9-hydroxydiblphenylenethane    (15  J. 

S&lfcnatinn   or  nitration  of   dibiphenylenethylene   leads 
to   a  partial  ring    substitution    (19).      The  ring    substituted 
compounds   are   usually  prepared,    however,    from   the    substituted 
fluorenes  or   fluorenones.      Only   a  few   substituted  dibipheny- 
lenes   are  reported   in   the    literature    ^1®, 18, 23, 26, 34, 22)    even 
though  a  great   variety   of    substituted  fluorenes   and   fluorenones 
are   known    (32). 

The  red   color    of   this  hydrocarbon    indicates   that   it   has 
a    special   type  of   chromophore    ^6,7,8,21,19)        since   the    corres- 
ponding  tetraphenylethylene   derivative    is   colorless   and    9- 
methylene   fluarene  is    also   colorless.      If    the   double    bond   in 
the   9,9  * -posit  ion   be    saturated,    by  reduction  with  hydrogen 
or   by  addition  of   halogens   the  red  color   disappears.      Dibi- 
phenyleneallene   and    dibiphenylenebutadiene  are   also   deeply 
colored. 

The  unioue   chemistry   of    this   hydrocarbon   is  centered 
around   the   double    bond    in   the   9,9T    position.       It   is   part    of 
a   crossed   conjugated  system.      It  has  properties    of   an 
ethylenic    isolated  double   bond  but   it   also   enters    into  reactions 
in  which  this  double   bond    behaves  as    if   it   were   conjugated  with 
a   carbonyl   group.      The   reactions  are   listed  bel*w. 

1.  Reduction  with    zinc    dust    in   acid   solution   ©r    sodium 
metal   in  alcohol  produces   a    saturated,    colorlesr    ethane 
derivative    (1,3)    zinc   dust   alone  reduces    it    to   fluorene. 

2.  Oxidation   generally   leads  to   fluorenone    (2,3'.      It   is 
not    stable    over  a   period   cf   time   in  polar    solvents    and   its   use 
as   an  antioxidant   has  been  cited   in    studies   of  the   autoxidation 
©f   benzaldehyde    (31 ). 
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ft.  Bromine  and  chlorine  add  auite  readily  to  the  double 
bond.   The  halogen  atoms  are  readily  removed  with  sodium 
or  copper  metal  (17).   The  dibromide  when  heated  with 
alcoholic  potassium  hydroxide  regenerate?  the  red  hydro- 
carbon (4).   The  diacetate  is  also  prepared  from  the  dibro- 
mide (4). 

4.  Boiling  DBPE  with  potassium  hydroxide  produces 
orthc-blphenylcarboxylic  acid  which  on  heating  yields  fluore- 
none  (4). 

7.  Treating  DBPE  with  nitric  acid  yields  a  bright  yellow 
compound  believed  to  be  9, 9!-dinitrobiphenylenethane  (4,19). 
This  compound  is  quite  easily  decomposed  to  regenerate  the 
hydrocarbon. 

8.  Sulfonylchloride  yields  the  9,9 T  dichloroconroound. 

9.  Phenyl  lithium  adds  across  the  double  bond.   The 
lithium  atom  can  then  enter  into  various  replacement  reactions 
characteristic  of  orga.no  metallic  compounds  (27). 

10.  DBPE  can  dehydrogenate  certain  organic  compounds. 
For  example  9-f luorenylamine  is  denydrogenated  in  liquid 
ammonia  to  yield  the  imine.   Pinck  and  G-uido  have  recently 
compared  the  double  bond  in  DBPE  with  the  double  bond  a,  p 
to  a  carbonyl  group. 

11.  DBPE  combines  readily  at  room  temperature  in  liquid 
ammonia  with  methyl  amine,  ethyl  amine  and  dimethyl  amine 

to  give  the  9-substituted  ethane  derivatives  (28)  ammonia  and 
benzylamine  react  more  slowly  and  secondary  reactions  take 
precedence.   With  diethylamine,  triphenylamine  or  aniline 
no  reaction  takes  place.   This  order  of  addition  of  these 
compounds  corresponds  to  their  order  of  addition  to  a,  p 
unsaturated  acids.   This  is  the  first  instance  that  an  amine 
has  been  added  to  an  isolated  double  bond. 

12.  It  has  also  been  demonstrated  that  DBPE  will  under- 
go a  Michael  condensation  readily  with  2,7  dibromof luorene, 
2,7,2,,7t,  tetrabromodibiphenylenethene  will  also  condense 
with  fluorene  itself  (36).   Here  then  is  a  Michael  conden- 
sation where  the  labili7ing  groups  are  not  the  conventional 
ones  (?3). 
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THERMAL  DECOMPOSITION  CF   SULFONIUM  HYDROXIDES 


Alkyl    sulfonium  hydroxides    of   the    type   R,-S-OH    (R?*    ld*ntiPQH 
decompose    to   give    either  R-OK   or   the   corresponding  olefin  anf  ] 

water,    in   addition    to  R3-3   (1-5).  P  g  01eiin  and 

Primary  alkyl    sulfonium  hydroxides   of   the   types    (CHa)a-8-0H 

«?nnS«?"^H   (H'f  "enti°aD   generally  decompose   to  give  methvl 
S^°h01   and  a   sulfide   containing   the  remaining  two   Krouos   (4   6  91 
However     if  R  is  a    secondary  or  tertiary  alkyl   prouf     the   kt'        ' ' 

titling™  £7?,",!"*?  P-°H   °r,an  ole"»  ^ITUoTrX  ad- 
dition  to   a   sulfide   containing  the  remaining  two  groups    (3,6,10). 

two  differentVlefinf  d?S/r°m  ?^  lVS  Edible   to   split'out' 

leastt„oerdiffe0reentnaSikyiegroups   larger  "SKS!"   ^"^il^ing  at 

usuqllv    oniit   n„t    fv,„      J    i?     ^s    -Larger    onan   tne  methyl    erouD 

K&)        H&eve?     also   inttff  nZZ^l  alkyl   radlcal   Preferentially 

aqueous   alcohol    solution    ?3,4,6, 10) =oncentrated  aqueous    solution   or 

hydroxide^ U) ^HoVeve"*  whendtK?Jtlo\of  f^1    ^lfonium 
corresponding  methvl   or  *thv?  2,o?e   ?ulf}"\atom  is   in  a  ring,    the 

to  o^  the  rlnfana  glve^un^^Sra^d^yf ^^fos^"" 

similar  fo'^he^econpo'u^n'o^o,1?  ll   sulfonlum  hydroxides   is 
The  most   notable  difference  beinS  thf ?nf$r<>am?°ni!?m„ ^roxides. 

nno      k*.    4-r.,«    „,        ..-,     XJ--Lt-tt  sulfonium    hvarnviflPo    with 

methyl 

three 
s  manner. 
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FLUOR OC ARSONS 

During  the  war  the  need  arore  for  substances  chemically  inert 
against  UF6  and  which  could  serve  both  a?  coolants  and/or  lubricants. 
Due  to  their  extreme  stability,  certain  f luorocarbons  were  found 
to  fill  these  needs. 

Methods  of  Synthesis 

1.  Older  methods  involve  the  use  of  KF,  ZnF3,  SbFaj  SbF5, 
HgF3,  AgF  and  H^1  on  alkyl  halides,  olefins,  and 
acetylenes.  Alcohols  have  been  used  in  e*me  cases. 

RX  +  MF   ->   RF  +  MX 

RCH=CHR  +  HF   ->   RCHFCH3R 

R~C=CH  +  HF    -»   R-CF  =  CH3   ->   R-CFs-CHa 

In  general,  hydrogen  atoms  are  not  replaced  and  no  more 
than  two  fluorine  atoms  can  be  placed  on  the  same  carbon 
if  the  adjoining  carbon  holds  a  halogen  atom. 

2.  OF3,  MnF3,  and  AgF3  . 

These  fluorides  contain  metals  in  a  very  high  oxidation 
state  and  are  used  to  prepare  perf luorocarbons,  both  in 
the  aliphatic  and  aromatic  series, 

a.  Fowler  Method  (CoF3) 

CoF3  is  prepared  according  to  the  eauation 

„   ,  40°° 

CoCl3   +   2KF      ->    CoF3   +   2HC1 

300° 
2CoF3   +  F2    -»       2CoF3 

The  hydrocarbon  is  mixed  with  nitrogen  and 
passed  over  a  bed  of  CoF3  at  300°.   The 
degree  of  fluorination  depends  primarily  on 
the  rate  of  passage. 

b.  AgF 3,  MnFa,  CeF4,  and  PbF4  have  been  success- 
fully used  in  .pilot-plant  operation.   The 
products  vary  only  slightly.   Difficulty  in 
their  preparation  has  limited  their  use. 

3.  Catalytic  Fluorination  (Columbia  Method) 

The  improved  techniaue  of  handling  fluorine  now  makes 
its  use  feasible.   The  hydrocarbon  and  fluorine  are 
diluted  with  nitrogen  separately  and  gradually  mixed  at 
temperatures  of  140°-325°  in  the  presence  of  copper 
turnings  coated  with  a  thin  layer  of  silver  flurrides. 
Perfluorocarbons  have  been  prepared  by  this  method, 
although  in  low  yields. 

4.  Introduction  of  Fluorine  into  an  Aromatic  Ring 
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^       u1!?   fJuorinat;lon    of   aromatic   compounds   is    effected 
ThP    i^h\^ZOniUm  cora^nd  ^  the    Schiemann   method 
The    insoluable    diazonium  borofluoride    is   isolated      driei 
and  decomposed   by  heat   to  give   the   aryl    fluorSl? '  ' 

Applications 

1.      CcF3   and   AgF2   Methods. 

Fowler   and   coworkers  have  prepared  uerf luorohexane 
perfluoroheptane,    perf luorocyclohexkne,    ^r?iu??S!' 
ethyl   cyclopentane   and   others.      Various    oil'  ha ve 
resulted  from^ these  fluorinations   ranging'from^6 

ii4S«i^i;%x^o2^?sSbS theee  nu~b°- 

Complete   fluorination   of    n-heptane   eive^      in 
addition  to   perfluoroheptane,    low-boilinf f lunro- 
cyclc°oentarnTeFf  tinf,  ^'mentation,    perfl-uoroe?hyl- 
ing  cyclizalion     LT Juor^?^ncyclohexane,    represent. 
rl  cyciization,    and   m   addition    some    isomers   of 
C7F16   and   small    amounts   of  polymers  eomere    01 

mr     By    ^jecting  fluorochloroheptanes   to    ^Fo   or 

cola???? h^ati^aCt0ry   fl^ochlorocarbor 
ouo.ianxs  hpve  been   obtained. 

bv        *e,£al°een   ole-fi^  can  be   saturated  with   fluorine 
by  use  of   theee  reagents.      If  the  t  earners  1-ii-p     , 
raxsed  above   100°     perfluoro  compounds  result. 

fluoronanhtharffiatlC    S^ie?'    perf luorobenzene      per- 
hav     b         ™h"6;    Pf  flubrophenanthrene  and  others 
nave   been  synthesized.      McBee   subjected  hexachlero- 
benzene  and   pentaehlorobenzotrif luoride   to   Co? 
n,™^   and   obt«^   Perfluorobenzene   and  he5a- 

nucr  xvl1:nTi*eFPePUVely;      "urination  of   hexa- 
o  h»v   S  f  accompanied  by  considerable   crackine 

byhInfme?hro°dXflene   ***  n0t  bGen  C-Pletely   f^rinaled 

a  hydroncfrboenaleff eot3- Md  **?*  coraP^tely  fluorinate 
halfFPn  fnT  i^-f-  tlng  replacement  of  hydmgen  and 
reaction  ?o   aoMltlon.of   fluorine    to   double    bonds.      The 

2.      Catalytic   Methods. 

St^aiShJ   chain  perfluorocarbone   fro-   CaF,      t* 
CxjF34  have  been  prepared  by   use   of  fluorine   and 
antimony  fluorides.      Naohthenic    fluorocarbon,   and 

ro^iniikrcn?^      StE  V?ry   from  gasee   t0    brittle, 

a.  Adoition  CeH3ClF2(CF3 )3      CGH3C1F4(CF3 ) 

b.  Addition   and   replacement      C6H3F7(CF3) 


3  J  3 
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c.  Substitution,    addition  and  replacement 

C6F10(CF3)2 

d.  Fragmentation    CeF^CFa)      C6F12 

r   t   iG;-  Poiymerizatirn    soli*  waxes 

or   tiy   i°  ?lu2rinatiQn  generally  results  in  low  yields 
*f  tne  desired  perf luorocarbon.  yieias 

3.   HF  and  SbF3  ' 

HF  in  the   presence   of   SbCl3    or   BbF-.    or   HF  at 
u^d   tnmS^fe8   i"   the    abpen^3of    a  catalyst      if 
n!?*  t?-eff62t   rePlacement   of  halogen   atone  and 
saturation   of   double  bonds.      Hexaflunrrxylent"   are 

hafarv'roo/"   th^   BftnneP-       In   °^  one    instance 
has   any  replacement   on   an   aromatic    ring   been   observed 

Triohloro-bi8(trlfluoro-methyl)benzene  yields  mono 

fluorodichloro-bisftriflurrnm^i-bvi  (kIL  mrno- 

qpvp^i    n„.   .     u-^  v  ^niucromethyl  Jbenzene   as   one    of 

n!nt     n  ?natl0n  Products.      Te trachlor ophenyl - 

pentachloroethane   gives  only  products  where   side-chain 
chlorines  have   been  reolaced.' 

*lc<*lneei    luti<?ines,   and  ?r-Cniiidines  have 
been   fluorinated  by   initial  chlorination   or   the 
side-chains  and    subsequent  replacement    by  fluorine 
The  products   vary  from   nne    tr» %,^fl   fl,       .    lxu^x±ne. 
the   side-chain?  fluorine   atoms    in 

Properties 

liouid  an,    soLd  pSffucr^ar^^^^  °3 ^J  "'* 

tneno:0boii?LC?nS?,and  thf ,  ^^   Perfluorc^ph- 
luSliatlM  n?l «     ~S  gasnime   range,    to  perfluoro 
±uori„ating   oils,    greases  and  Waxes. 

Despite   their   increased  molecular  weight      their 
coiling  points   approximate   those   of   the  Srent 
hydrocarbons.  parent 


TABLE  I 

CH4 

-161° 

CF4 

-128° 

C8He 

-880 

n    r? 

-100° 

C3H4 

-104° 

C2F4 

-78° 

C4H6 

-3° 

C^'a 

6.6° 

3 


CC14  76 

C2C16   187° 
C2C14   121° 


is   nolef  Cmati°    FGriee'    the   Fame   Seneral    tendency 
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CH. 


CF. 


V 


110. 9( 


•0 


102. 3( 


TABLE    II 


CF. 


A 


100.9° 


CF. 


_._.F 


y  x 


.    >-F 


107.8° 


CF3 

A 


A 


95' 


Fluorccarbons  are    thermally    stable.      Many   of   them   can 
be  heated  to   500°   without   cracking  and  they   do   not    burn   by 
themselves.      They   are    inert   toward  even    the   most   reactive 
chemical  reagents.      Fluorocarbon  polymers   are   only    slowly 


attacked  by  molten   sodium  at    100( 


Even  at   500°.    acids  and 


bases  have   no   affect.      That   the   carbon  to   fluorine   bond   is   very 
stable,    especially  When    several  fluorine  atoms  are  held   try  one 
carbon,    is   evidenced  by    the    extreme   exothermicity   in    the   direct 
replacement   of   hydrogen  by   fluorine. 


C7^-se 


+ 


16F. 


.  Perfluoroolefins  will 
merized.   Tetraf luoroethylene 


,FA6.+  16HF  +  1650  K  cal. 
add  bromine  and  can  be  poly- 


V 


extremely  stable  plastic  Teflon, 


as  been  polymerized  to  give  the 
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EVIDENCE  FOR  A  FREE  RADICAL  MECHANISM  OF  OXIDATION 


Wleland  (1)  was  the  first  to  point  out  that  a  large  number 
of  oxidation  reactions  of  organic  compounds  were  hydrogen  ab- 
stractions rather  than  oxygen  additions.   There  now  exists  much 
evidence  to  show  that  the  abstraction  of  hydrogen  atoms  from 
organic  molecules  is  the  initial  step  in  oxidation  and  thus  to 
support  the  concept  that  oxidation  is  a  process  of  homolytic  bond 
fission.   This  means  that  electron  transfer  is  stepwise  and  con- 
sequently free  radicals  must  occur  as  intermediates.   The  fact 
that  many  oxidations  are  chain  reactions  indicates  that  they  are 
likely  to  be  reactions  of  neutral  radicals  (2).   It  must  be  noted, 
however,  that  some  oxidations,  such  as  polar  halogenation,  are 
ionic  displacements. 

Autoxidation  is  definitely  a  free  radical  process.   Ziegler 
(3)  proved  this  in  1933  by  showing  that  triphenyl  methyl  would 
initiate  the  chain  autoxidation  of  aldehydes  and  olefins.   Ke 
also  pointed  out  that  antioxidants  were  chain-breakers  because 
of  their  easily  available  hydrogen  atoms.   He  established  the 
following  reaction  sequence  for  the  autoxidation  of  benzaldehyde. 

03C-C03  ^  203C. 
03C-   +  02  -*  03C-O-O. 

03COO«   +  0CHO  ->  03CCOH  +  0C  =  0    Chain  Starting 

0 

0C=O  +  02     ~>  0C-O-O-        ~! 

K    Reaction 

0  0.1   Chain 

00-0-0-   +  0CHO  -»  PC-OOH  +  0C  =  OJ 

Experimental  evidence  is  steadily  accumulating  to  show  that 
the  initial  products  of  nearly  all  organic  autoxidation  reactions 
at  moderate  temperatures  are  hydroperoxides.   The  kinetics  of 
autoxidation  are  complicated,  but  the  fact  that  it  is  a  chain  re- 
action indicates  the  presence  of  free  radicals.   The  thermal  de- 
composition of  the  hydroperoxide  may  produce  further  radicals, 
which  explains  the  autocatalytic  nature  of  these  reactions.   In 
connection  with  the  autoxidation  of  olefins,  the  recent  demonstra- 
tion of  the  a-methylenic  activity  of  unsaturated  substances  is  of 
especial  theoretical  significance.   The  fact  that  hydrogen  ab- 
straction from  these  compounds  produces  a  resonance-stabilized 
free  radical  at  least  partially  explains  their  susceptibility  to 
oxygen  attack  in  contrast  to  the  inertness  of  the  paraffins. 

Diacyl  and  diaroyl  peroxides,  which  decompose  to  give 
neutral  radicals,  can  effect  the  direct  oxidation  of  many  organic 
compounds.   The  oxidation  of  acetic  acid  to  succinic  acid  is  a 
good  example  (4). 


r 
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CH3C0-C-0-C0CH3     -*     2CH3C0-0. 

CH3C0-0-     ->     CH3-      +      CC3 

CH3,      +     CHgCOOH    -*     CH4      +      .CH3COOH 

2'OH.OOQH    ->     HOOC-CHa-CHa-COOH 

type  fcy?  'Jfssssj^i'isso:^^ in  reactions  °f  «*• 


Pb(OCOCH3)4     -.     Pb(OCOCH3)s      4      2-OCOCH 


3 


CH3COO-  -*  CH3-   +   CO 


3 


be  explained  b^frl^^  -n 

that  both  neutral  ace  at!  f^  n  ,\-   ?hanism  if  it5  is  remembered 

duced  in  consecutive    L f  £hf  ?al  ?6thyi  radic^s  are  pro- 

tetra-acetate  can  be  represented  3!^°*  °J  ^V™1*  ^  lead 
radicalq  fnr.  i?  ™  ^presented  as  a  reaction  of  free  acptatp 
radicals,  for  it  occurs  without  the  evolution  of  C0a?  acetate 

R*f-°H  R3C-0. 

w  I      +   -OCOCH3  ~*    I      ,   unPonu 

R2C-OH  3  «-  D  '  ™   +   HOCOCH 


R3C-OH 
RaC-0-  R3C-CH  RPC-0. 


3 


+ 


2 

R3C-0H    -    R2i_oK  RJ_0.     "*     2RsC  =  ° 


tion   of   toluene,    .cre^el/involve free^thy"  °"   ""  aCe^^la" 

many   of  ^  S^SS&S^  " Jf^ff    (6)    t0    sh°»   that 
atomic  hydrogen   from   or«n?p  ™f        1  caPable  of  abstracting 

strating "the  catalytic  IcUon  of^h  6S'     T*?is  con*ists  of  demen- 
they are    .S-OT&^Hi^^S  &£"  ^  "^ 
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Initiates   chain: 


>CH-      +     C2     ->    >CH-0-0' 
>CH-0-0-      +      >CHP     ->     >CH-C-0-H      +      >CH- 


Many  oxidizing  agents  have  been  tested  and  a  surprisingly 
large  number  catalyze  autoxidation.   Some  are  inhibitors  but  this 
is  also  indicative  of  radical  action. 

Chromium  trioxide  and  potassium  permanganate  are  very  ef-. 
fective  autoxidation  catalysts  in  homogeneous  solution.   In  re- 
actions with  organic  compounds,  which  have  at  most  electron  pair 
bonds,  the  reduction  of  Cr6  to  Cr3  undoubtedly  occurs  in  stages. 
It  is  convenient  to  represent  it  electronically  as  a  three-fold 
repitition  of  the  following  equation. 

Cr6  =  0  +  K-X  -»   ^Cr5-0-H   +  X* 


C 


r        -  „*' 


Permanganate  ion  might  act  in  a  similar  fashion,  although  a 
process  involving  both  hydrogen  abstraction  and  elimination  of  a 
hydroxyl  radical  is  also  possible. 

The  dehydrogenation  of  an  organic  compound  by  an  oxide  can 
only  be  represented  by  a  one  electron  process  if  the  oxidizing 
agent  contains  a  double  covalent  bond. 

Periodic  acid,  which  like  lead  tetra-acetate,  splits  a-glycols 
is  a  positive  autoxidation  catalyst.   Price  and  Knell  (7)  have 
suggested  the  intermediate  formation  of  a  cyclic  periodate  ester 
but  atomic  hydrogen  abstraction  by  an  1=0  bond  might  also  be 
postulated. 

Osmium  tetroxide,  a  selective  reagent  for  the  hydroxylation 
of  olefinic  bonds,  also  promotes  the  autoxidation  of  tetralin. 
The  formation  of  a  cyclic  intermediate  has  been  established  by 
Criegee  (8).   Single  electron  processes  of  addition  to  olefins 
are  familiar  and  the  addition  of  one  electron  to  an  Os-0  bond 
would  be  analogous  to  the  addition  of  an  H  atom. 

Quinones  and  disulfides  have  been  employed  for  the  dehydro- 
genation of  hydrocarbons  at  high  temperatures  and  they  convert 
tetralin  slowly  to  naphthalene.   Criegee  (9)  has  established  the 
union  of  a-tetralyl  and  semi-quinone   (rp^lcpl**  ns   *n  ijiter-' 
merM.atf*  stflpe).  In  the  case  of  disulfides,  free  mercaptide  radi- 
cals can  be  produced  by  dissociation  so  the  balance  between  posi- 
tive and  negative  catalysis  will  depend  on  the  relative  rates  of 
hydrogen  abstraction  and  radical  combination  processes. 
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Dehydrogenatlon  by  sulphur  or  selenium  may  also  proceed  by 
an  essentially  similar  mechansim. 

To  speculate  more  widely,  free  radical  mechanisms  may  have 
a  very  extensive  applicability  in  biological  chemistry  (10),  for 
as  Wleland  emphasized  most  biological  oxidations  occur  only  in 
the  presence  of  enzymes  which  have  a  dehydrogenase  character.   In 
these  cases  the  co-enzyme  plays  the  part  of  the  generater  of  an 
active  radical  in  a  reaction  chain,  whereas  the  prosthetic  group 
of  the  enzyme  provides  the  initial  free  radical.   In  this  con- 
nection it  should  be  pointed  out  that  free  radicals  do  occur  in 
the  prosthetic  groups  of  certain  dehydrogenase  enzymes.   Also  of 
significance  is  the  fact  that  disulfide  linkages  are  present  in 
most  enzyme  proteins  and  our  present  evidence  shows  that  thiol 
radicals,  produced  from  the  dissociation  of  disulfides,  can  ab- 
stract hydrogen  atoms  from  other  molecules. 
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ALKYL  peroxides 


The  simple  alkyl  peroxides  constitute  a  class  of  compounds 
which  have  been  extensively  studied  only  recently.   They  prom- 
ise to  be  useful  as  polymerization  catalysts  and  Diesel  oil  ad- 
dition agents  as  well  as  being  of  theoretical  interest  (1,2,3). 


The  compounds  to  be  considered  here  are  the  hydroperoxides, 
the  dialkyl  peroxides  and  the  peresters  obtained  from  the  former. 
Alkyl  hydroperoxides  and  dialkyl  peroxides  may  be  synthesized  as 
follows: 

a.  From  dialkyl  sulfates  and  hydrogen  peroxide  in  the  pres- 
ence of  alkalis.   Early  workers  used  this  method  to  prepare  methyl, 
ethyl  and  propyl  compounds  (4).   a  mixture  of  hydroperoxide  and 
peroxide  is  usually  obtained. 

b.  From  hydrogen  peroxide  and  a  mixture  cf  cold  sulfuric  acid 
and  the  alcohol.   This  modification  of  the  older  method  has  been 
deveioped  recently  by  Milas  and  his  coworkers  (1,5,6,7).   It  is 
useful  when  the  higher  alkyl  sulfates  are  not  available  and  is 
well  adapted  for  use  in  the  preparation  of  mixed  peroxides  by 
substitution  of  an  hydroperoxide  for  hydrogen  peroxide. 

c.  From  alkyl  halides  and  alkali  metal  salts  cf  hydro- 
peroxides.  This  method  has  been  patented  by  Dickey  and  Bell  (2). 

d.  By  air  oxidation  of  aliphatic  hydrocarbons  at  elevated 
tempera  tures  in  the  presence  of  hydrogen  bromide.   This  procedure, 
patented  by  Vaughan  and  Rust,  yields  either  hydroperoxides  or 
peroxides,  depending  on  the  ratio  of  catalyst  to  hydrocarbon  (3). 

e.  By  air  oxidation  of  hydrocarbons  containing  an  active 
hydrogen  atom.   Hock  and  Lang,  in  studies  on  the  autoxidation  of 
hydrocarbons,  have  prepared  a  number  of  such  hydroperoxides, 
usually  from  compounds  with  a~aryl  substituents  (6,9,10,11,12). 
This  recalls  the  familiar  behavior  of  tetralin  which  forms 
a-tetralone  through  an  intermediate  hydroperoxide. 

In  their  physical  properties,  the  alkyl  peroxides  resemble 
alcohols  and  ethers  (1,4).   The  lower  homologues  are  extremely 
explosive,  however,  and  must  be  distilled  at  reduced  pressures. 
Increased  size  of  the  alkyl  group  increases  the  stability  so  that 
isopropyl  hydroperoxide  may  be  distilled  at  atmospheric  pressure 
at  107°C  without  decomposition.   In  chemical  reactions,  hydro- 
peroxides are  weakly  acidic,  forming  peresters  and  metal  salts, 
and  show  a  lowered  oxidizing  power  compared  to  hydrogen  peroxide. 
This  effect  is  more  pronounced  in  the  higher  homologues.   In 
general,  the  more  reactive  compcunds  release  iodine  from  iodides, 
give  alcoholates  with  reducing  metals  and  are  hydrogenated  to  the 
alcohols.   Palladium  black  releases  oxygen  as  do  the  peroxidase 
enzymes . 

Thermal  decomposition  of  these  compounds  is  of  interest  in 
connection  with  their  activity  as  polymerization  catalysts.   The 
following  scheme  summarizes  the  decomposition  of  jt-butyl  hydro- 
peroxide (1). 
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250° 
(CH3)3CC0H   ->    (CH3)3CO   +   .OH 

\  +  -*  CH3OH 

CK3COCK3   +   -CH3 

Acetone  and  methanol,  together  with  small  amounts  of  t-butyl  al- 
cohol and  formaldehyde,  were  the  compounds  isolated.   The  low 
temperature  decomposition,  resembling  that  of  hydrogen  peroxide, 
gives  jt-butyl  alcohol  and  oxygen  which  accounts  for  these  latter 
substances.   This  free  radical  mechanism  applies  to  compounds 
bearing  larger  groups,  giving  rise  to  radicals  which  may  dis- 
proportionate to  form  olefins.   If  the  alkyl  substituents  are 
not  identical,  it  is  the  larger  group  which  splits  off  pre- 
ferentially.  Dialkyl  peroxides  react  similarly,  giving  the 
ketone  and  a  hydrocarbon  instead  of  an  alcohol.   Thus  di~_t-butyl 
peroxide  gives  acetone  and  ethane.   The  mechanism  applies  equally 
well  in  cases  in  which  it  would  predict  the  scission  of  a  ring; 
thus  1-methylcyclohexyl-l  _t-butyl  peroxide  gives  acetone,  ethane, 
o-methylheptanone-2  and  3,4-di-n-butyl  hexanedione-2, 5  (?),   On 
the  basis  of  this  mechanism  one  would  expect  to  obtain  cyclo- 
hexan-l-cl-6-one  from  1-decalin  hydroperoxide.   The  intra- 
molecular hemiacetal  of  this  compound  was  actually  isolated  by 
Criegee  (13). 

Hydrogen  peroxide  presumably  exists  in  a  hybrid  structure 
with  linear  and  oxo-oxide  contributions.   The  reactions  of  the 
peroxides  indicate  that  both  of  these  structures  contribute,  the 
free  radical  mechanism  favoring  the  linear  form  and  the  release 
of  oxygen  supporting  the  oxo-oxide  structure.   By  subtracting 
the  molar  refractivity  of  water  from  that  of  hydrogen  peroxide, 
Milas  and  coworkers  obtained  the  value  2.19  for  the  atomic  re- 
fractivity of  the  peroxidic  oxygen,  a  value  close  to  that  of  the 
carbon vl  oxygen  (2.211)  and  far  from  that  of  the  ether  oxygen 
(1.643)  (14).   3y  subtracting  the  values  for  alcohols  or  ethers 
from  those  for  hydroperoxides  or  uiaiKyl  peroxides,  corresponding 
values  for  the  peroxide  oxygen  were  obtained  which  agreed  very 
well  with  the  value  above.   Thus  it  is  probable  that  no  ap- 
preciable difference  exists  between  the  structure  of  hydrogen 
peroxide  and  that  of  an  alkyl  peroxide.   Only  with  the  peresters 
was  the  correlation  poor.   High  values  indicate  that  their  struc- 
ture must  contain  more  than  one  peroxidic  oxygen  atom.   Milas 
proposes  the  following  structure  containing  two  approximately 
eoual  oxygen  atoms  which  is  assumed  to  be  in  resonance  with  the 
normal  structure. 


•'0*     r  Jn'      R 

R:C: :0:C-R  R:C:0:0:C-R 

7  • ■ .  . .  \  *—       . .  . .  x 

•0.     R  R 


Chemical  evidence  supports  this  structure  in  that  peresters  give 
high  values  for  peroxidic  oxygen  in'  iodometric  analysis. 
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CATALYTIC  ALKYLATION  OF  ISOPARAFFINS 

The  alkylation  reaction,  discovered,  in  1955  (23),  represents 
the  addition  of  fragments  derived  from  an  isoparaffin  across  an 
olefinic  double  bond.   The  reaction  proceeds  catalytically  at  low 
temperatures  under  the  influence  of  such  metal  halides  as  boron 
trifluoride,  aluminum  chloride  (23),  concentrated  sulfuric  acid 
(2),  anhydrous  hydrofluoric  acid  (15,16).   It  can  also  be  made  to 
occur  thermally,  without  a  catalyst  (14,31),  or  at  lower  tempera- 
tures in  the  presence  of  organic  halides  and  nitro  compounds  (33, 
36).   At  the  peak  of  wartime  production  "alkylate"  for  IOC; 130 
and  115:145  octane  aviation  fuel  was  produced  at  the  rate  of 
9,400,000  tons  per  year  (4). 

A.  SCOPE  OF  THE  REACTION. 

1.  Paraffins. — Only  isoparaffins  are  readily  alkylated  by  all 
of  the  alkylation  catalysts  (11).   Cyclohexane  and  propane  can  be 
alkylated  with  stronger  catalysts  (23,2),  but  methane,  ethane  (11) 
and  neohexane  (30)  fail  to  react. 

2.  Olefins. — Ethene  will  alkylate  isoparaffins  with  metal 
halide  catalysts  only  (23,2).   Propene  requires  a  stronger  catalyst 
or  higher  temperature  than  the  butenes  (2)  all  of  which  alkylate 
readily  with  all  catalysts  (2,23,15). 

3.  Catalysts.  —  Strongly  acid  substances,  as  aluminum  chloride 
or  96-102^  sulfuric  acid,  are  the  only  substances  with  catalyze 
low  temperature  alkylation  (11).   Metal  halides  must  be  activated 
by  traces  of  alcohol  (40),  water,  or  hydrogen  halide  (11). 

4.  Conditions. — The  alkylation  reaction  is  rapid  and  exothermic 
and  reauires  refrigeration  when  aluminum  chloride  (23)  or  sulfuric 
acid  is  used  as  the  catalyst  (2).   With  anhydrous  hydrogen  fluoride 
the  reaction  proceeds  best  when  the  temperature  is  between  25-50°C 
(15).   To  prevent  olefin  polymerization,  the  latter  is  added  slowly 
to  a  vigorously  stirred  suspension  or  emulsion  of  the  catalyst  in 

a  large  excess  of  the  isoparaffin  in  the  liquid  phase  (2). 

B.  PRODUCTS. 

When  the  reaction  is  carefully  controlled,  the  main  product 
consists  of  a  simple  mixture  of  a  few  isomeric  paraffins  corres- 
ponding to  addition  of  the  paraffin  to  the  olefin.   Varying  amounts 
of  both  higher  and  lower  molecular  weight  paraffins  are  obtained 
even  when  the  reaction  is  run  at  low  temperatures,  as  20°C,  and 
with  a  catalyst  residence  time  of  four  or  five  minutes  (18).   Iso- 
meric olefins  yield  different  products  (40).   Catalyst  residence 
time  and  thermodynamic  functions  of  the  product  determine  which  of 
the  mechani  stically  possible  isomers  predominate  (6,18).   Many 
isomers,  thermodynamically  more  stable  than  the  products  (35),  are 
formed  in  traces  if  at  all,  even  with  lcnsr  catalyst  residence  time 
(18,1?)  (Tables  I  and  II). 
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Gorin,  Kuhn  and  Miles  (18)  distinguish  (a)  primary  alkylation 
products,  which  decrease  in  amount  with  long  catalyst  residence 
time,  and  (b)  secondary  products,  which  increase  in  amount  with 
long  residence  time  (Table  I).   Increasing  amounts  of  both  higher 
and  lower  molecular  weight  paraffins  are  formed  with  increasing 
catalyst  residence  time  (18). 

C.  MECHANISM. 

All  mechanisms  proposed  have  been  essentially  ionic.  The 
mechanism  of  isoparaffin  activation  has  been  formulated  in  the 
following  different  ways. 

Cn  3  Y  3 

CH3-CH     -+        CH3-C:        +     H        (23) 
CH3  CH3 

CHa 

CH3-9*       +     2e       (7) 

CH3 

CH3-CH-CHS:     +     H        (3) 
CH3 

CH3-gH  :CH3     (6,30,18) 

CH3 

The  most  satisfactory  mechanism  appears  to  be  that  of 
Schmerling  (37). 

-C=C-    +       H      -^   -Q-C-         R*  (I) 

1  ''         (*A1C13)        K 

(AICI3) 

CK3 

C%~C*     +    RK  (II) 


CH 


3 


?H3 


CH3-C-0->CH-CH3  ( III) 


t. 


3 


CH3rC-  CH-CHa~CH3     CH3-C-PH^H-CH3      (IV) 
CH3Ci-L3  C.n3   Ch3 

A  carbonium  ion  is  formed  by  reaction  of  the  olefin  with  the 
catalyst  (I).   This  abstracts  a  hydride  ion  from  the  isoparaffin 
(II)  to  form  a  new  carbonium  ion  which  adds  to  the  olefin  (III), 
The  carbonium  ion  so  formed  isomerizes  rapidly  (IV)  (7)  according 
to  the  whitmore  theory  of  intramolecular  rearrangement  (43).   De- 
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alkylation  or  further  alkylation  can  also  occur.   The  alkylate 
product  is  formed  when  the  carbonium  ion  formed  in  (IV)  abstracts 
a  hydride  ion  from  the  isoparaffin  (II).   The  reaction  is  thus 
seen  as  a  chain  reaction,  with  the  catalyst  acting  merely  to 
initiate  the  chains.   Frotonic  activators  are  probably  required 
to  furnish  the  proton  needed  for  reaction  step  (I). 

The  preliminary  addition  of  a  positive  or  acidic  fragment  to 
an  olefin  is  the  accepted  basis  of  the  following  acid  catalyzed 
reactions  of  olefins  (28,29). 

a.  Polymerization  (44 

b.  Depolymerization  (26' 

c.  Alkylation  of  Aromatics  (22,42) 

d.  Addition  of  Alkyl  Halides  (38,41; 

Reactions  II,  III,  IV  serve  to  integrate  the  alkylation  re- 
action with  other  reactions  of  isoparaffins  in  the  presence  of 
strong  acids. 

a.  Isomerization  (5,32,34,12) 

b.  Hydrogen- halogen  exchange  (1,39) 

c.  Degradation  and  dealkylation  (19  25,45) 

d.  Alkylation  of  aromatics  (19; 

e.  Paraffin  hydrogenation  of  olefins  (24,27) 

This  mechanism  allows  correlation  of  this  reaction  with: 

a.  The  Lev/is  electronic  concept  of  acids  and  bases  as  reactants 
(28)  and  catalysts  (29). 

b.  DeWar ' s  mechanism  of  addition  to  the  double  bond  (9). 

c.  Ingold's  electronic  theory  of  organic  reactions  (21)  especially 
as  applied  to  substitution  at  a  saturated  carbon  atom  (10). 

D.  CCRCLLARY  developments. 

The  industrial  development  of  the  alkylation  reaction  has 
stimulated  the  development  of  refined  analytical  technicues  based 
on  distillation  and  measurement  of  physical  properties  (17)  Raman 
(20),  infrared,  ultraviolet  and  mass  spectroscopy  (8),  and  also 
chemical  methods  of  analysis.   Difficult  engineering  problems 
have  been  ingeniously  solved  (16,13,12).   A  potentially  valuable 
reaction,  the  addition  of  alkyl  halides  to  olefins,  was  developed 
by  Schmerling  (38.4.1)  in  his  studies  on  the  mechanism  of  this 
reaction. 
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TABLE   III 

Synthetic   Isoparaff ins  Which  Can  Be   Commerciall   Prepared 

90£    Fure 


Isoparaff in 

Source 

Octane  # 

Paraffin 

Olefin 

Method 

aSTM 

4  ml. 

TEL 

0  n  3  -  C  ii-  ^  H  3 
CH 

n-Butane 

I  and  C 

CHa-gH-CHs-CH3 

n-Fentane 

I  and  C 

CH3— C-CH3— CH3 

jL-Butane 

Ethene 

T.  A. 

93.4 

111 

QH3 

C  -i3-Ch2-^H-CH2-CH3 

n-Butane 

Ethene 

T.  A. 

74.3 

96 

CH3 
CH 

CH8-CH-3-J}-CH*-CH3 

CH3 

?H3 

_i-Pentane 

Ethene 

T.  A. 

84 

98 

CH3  — g  — Cbi  2~Cn  2~  Cri3 
CH3 
QH3 

4-Butane 

Propene 

T.  A. 

93 

100 

CH3-g-gH-CH3 

_i-Butane 

Propene 

T.  A. 

102 

113 

CH3CH3 

CH3-yH— CH3-CH3-CH3-CH3 
CH3 

j,-Butane 

Propene 

T.  A. 

45 

73 

CH3-QH-QH-CH3 

_i-Butane 

Propene 

C.  A. 

94.3 

111 

C  H3  C  H  3 

CH3-gH-CH-CH2-CH3 

jL-Butane 

Propene 

C.  A. 

89 

100 

CH3-QH-CH3-CH-CH3 

i-Butane 

Propene 

C  .  A  . 

83.8 

100 

Cn3     GH3 

QH3 

C .^3  — C  — C.J.  3— CH— CH3 

j.-Butane 

Butenes 

C .  A. 

100 

113.4 

CH3    CH3 

QK3 
CH3-CH-  C  -  CH2-CH3 

_i-Butarie 

Butene s 

C.  A. 

99.4 

112 

C1I3  Cn.3 

QH3 

CH3-- C  — Cn2~CM2~^ri— CH3 

i-Butane 

_i-Pentene 

C.  A. 

?H3       QK3 

CH3  -CH  -  C  H-  CH  2-C  H-  C  H  3 

i-Butane 

i-Pentene 

C.  A. 

CH3CH3 

CH3-^H-gH-CK2-CH3 

Butenes 

H.C.D. 

99.9 

114 

C-3Cii3 

hot 
acid 

0H3  — Cr:—  yj"l  — CH  — CH3 

'.Out  en  e  s 

H.C.D. 

95.9 

108 

Cr.  3  w  U3OK3 

H  HO 

References:  (12,13.17.31.33) 

Key:  I  and  C     Isonierizatj  on  and  /or  cracking 

T.  A.       Thermal  Alkylation 
C.  A.       Catalytic  Alkylation 
H.C.D.      Rydrocodimerization 
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*  MI/  NOTATION  AND  ENUMERATION  SYSTEM  FOR  ORGANIC  COMPOUNDS 

G.  Malcolm  Dyson,  Loughborough 


The  appearance  of  a  new  system  of  notation  and  enumeration 
for  organic  compounds  devised  by  Dr.  Dyson  has  excited  much  inter- 
est since  it  is  applicable  to  very  complicated  molecules  and  is 
especially  adapted  for  filing  and  entry  upon  punched  cards. 

The  Geneva-Liege  convention  is  entirely  inadequate  for  com- 
plex molecules  and  the  all  too  frequent  coining  of  trivial  names 
leads  to  confusion.   Utilization  of  such  a  system  as  that  to  be 
discussed  will  certainly  simplify  library  work  and  make  possible 
several  library  operations  which  are  now  of  prohibitive  diffi- 
culty.  Structural  formulas  are  admittedly  indispensable  but  they 
suffer  from  several  disadvantages;  no  speech  equivalent,  large 
size,  non-classif lability,  and  dependence  upon  the  arrangement 
for  rapidity  of  recognition. 

Dyson  has  applied  his  system  to  the  entire  Ring  Index  and  to 
five  volumes  of  Beilstein  and  has  found  that  every  entry  gave  a 
unique  and  unequivocal  "cipher."   The  compound  is  expressed  as  a 
cipher  composed  of  a  linear  series  of  symbols  chosen  from  capital 
letters  (except  0),  Q,    numerals,  comma,  stop  (.),  semicolon  (;), 
the  "en"  rule  (-) ,  the  stroke  (/),  parentheses  (()),  brackets 
([]),  and  the  sign  of  a  series  ( .  . . )  f      No  lower  case  letters, 
superscripts  or  subscripts  are  used.   Thus,  quinine  is  expressed 
as  the  following  cipher. 

K . ZN . 4C [ 6AC6 . 1-4AC2 . ZN . 3C2 . 9E] . 6QC . 11Q      ( 1 ) 

It  will  be  noticed  that  the  cipher  is  divided  into  sections  by 
stops  and  each  of  these  sections  is  an  "operation."   When  a  figure 
follows  a  letter  without  the  interposition  of  any  symbol,  the 
figure  is  a  "modulant."   Figures  preceding  symbols  indicate  posi- 
tion and  are  termed  "locants."   The  formation  of  a  cipher  consists 
in  two  steps;  ciphering  the  basic  carbon  skeleton  and  ciphering 
the  functional  groups.   It  will  be  emphasized  that  the  ordering 
of  the  cipher  is  of  utmost  importance  for  the  best  use  of  the 
system. 

CIPHERING  THE  BASIC  CARBON  SKELETON . — 

1.  The  letter  C  followed  by  a  modulant  (1  is  understood)  re- 
presents the  longest  carbon  chain:  dodecane  is  C12.   Substituent 
alkyl  groups  are  listed  in  order  of  decreasing  size,  using  a  fresh 
operation  for  each  fragment  size.   Saturation  is  not  indicated; 
rather,  all  unsaturation  is  described. 
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C     C-C  /C-C-C 

c-6-c-c-ci-c-c 
c  xc-c-c 


is    C10.4C3.6C2.9,9C 


2.  The  letter  A  denotes  ring  structure;  thus,  cyclooctane  is 
AC8.   Adamantane  is  expressed  as  ACS. 1-5  ,  3-7AC  .   Different  bridges 
are  listed  in  decreasing  order  of  carbon  content. 

3.  The  letter  E  is  used  for  unsaturation;  C4.1,3E  is  buta- 
diene.  El  and  E2  denote  ci  s-  and  trans-  configurations  respecti- 
vely, and  E3,  a  triple  bond.   It  is  to  be  noted  that  this  system 
attaches  generality  to  these  prefixes  which  is  not  attained  with 
present  usage. 


4.  Six  "conventional"  rings  are  used 
ing  all  aromatic  and  fused  rings. 


s  the  basis  for  cipher- 


V  is  cyclopentadienyl 
B  is  benzene 

V  is  indenyl 


K  is  naphthalene 
J  is  phenanthrene 
T  is  anthracene 


Triethylbenzene  would  therefore  be  3.1,3,502. 
is  always  omitted.   The  series  sign  is  used  f 
lar  substituents;  pentamethylbenzene  becomes 
rings  are  understood  to  be  one  hydrogen  atom 
with  the  location  of  the  odd  hydrogen  shown  b 
there  are  five  indene  operations:  VI,  V»r2,  W4, 
lated  B's  are  used  to  indicate  rings  similar 
octatetraene  is  B8,   For  odd  numbered  rings, 
tion  is  used  to  locate  the  odd  hydrogen  atom, 
is  also  used  on  hydrogenated  aromatic  rings. 
naphthalene.   Rules  are  made  to  cover  choice 
cyclic  compound.   Citation  of  substituent  rin 
of  decreasing  size. 


1  as  a  sole  locant 
or  a  "run"  of  simi- 
B.l. . .5C."  V  and  W 
short  in  the  cipher, 
y  a  modulant.   Thus 
W5,  and  W8.   Modu- 
to  benzene;  cyclo- 
a  separate  H  opera- 
and  this  operation 
KK  is  decahydro- 
of  citing  unsaturated 
gs  is  done  in  order 


six  rings 
ffive 


of 


5.  Fused  rings  are  regarded  as  derived  from  the 
(4)  above,  the  process  being  one  of  "annellation"  to 
"adducts."   Rings  are  given  seniority  T,  J,  K,  W,  B,  V,  AC  in  cases 
of  choice,  and  rings  usually  precede  chains  in  the  cipher. 


15 


6  /> 


13 


12 


Ky 


\/^y 


< 


\iV10 


J.  4-5B1.H 


AC6.1-1AC4 
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3 


The  frequent  occurrence  of  certain  higher  fused  ring  systems  has 
led  to  the  assignment  of  23  modulated  forms  of  T  J.  K  and  If 
For  example,  T3  is  a  T  modulant  referring  to  the  ring  below 


A  large  number  of  subsidiary  rules  deals  with  orders  of  preference 
for  selecting  ciphers  for  the  ring  systems. 

preceded  ^Hf1^  h?S  ,the  funct^n  of  duplicating  all  which 
precedes  it,  ana  it  is  applied  to  chains  of  PO  or  more  SaHbon 
atoms  and  to  certain  symmetrical  ring  structures.   Biphenyl  is 

Ineodd°nu.b;r  of  g5lph8?3rl  iS  *^.4(4)22CB].   For  chains  with 
an  odd  number  of  carbon  atoms,  the  odd  atom  is  included  in  the  0 
operation;  e.g.,  heneicosane  would  be  C10.Q10-12C. 


the 


are  numbered  consecutively  after  the  ste 
operation. 


m  itself  in  order  of 


Q  C~"C~"C-C 

C-C-C-C-C-C-C-C-C-C-C-C-C 


c-c 


c-c-o-c-c 
c  c 


013.705.704.302.2,17,17,200 


The  rings  below  will  exemplify  usage  with  alicycli 


yclic  compounas 


•  C-C 


\ 


c.   ^c-c-c 
I  ^c.  ! 

AC8.1-5aC.2C2 


c 

C; C-C-C 

I  c I 

c   '  c 
c-c' 

AC8.1-5AC. 
1-4a.4C2.2C 


0 

/C-C> 

V 

or —  c- 

•C- 

C 

c- 

-C- 

-C-C-C"' 

AC8. 

1-5AC. 

1- 

4A 

7C3.4C2, 

2C 

The  enumeration 
and  all  the  atom 
cates  that  the  c 
system,  with  the 
locants  before  a 
possibilities  in 
in  an  "L"  operat 
specified.      The 


of   aromatic   rings    follows   an   invariable   oattern 
s   are   given  numbers.      The    use    of  bracket?   indf 
'oo'Ition1^^^   itS    ^Pendent   numbering  "" 
nl°l£S\£  J?:.5P5^!S   BUbetltuent    showf  by 


after   the   first   bracket. 


The    stereochemical 


hvdro^pn-toH    ?,,««*      7  "       xue    stereochemical 

ionl^^ose^ond    Sb  l^nfLSryiSanrof  teheSPrifled 
formula  and   cipher  for   o&l&i'ar^sK  "" 


CK. 


KJ8. 1706.2,13, 18, 22C.7Q, 1,12,14L 


X 


X1  2    Al 


■  1  8 
f  1  7  sf  i  g 

j       i 

J  1  6    >gO 


15  '   31 


14     >  1  0 
9 


23 


\2  2 


to  indicate  groups  above  the  plane. 


"R"  can  be  used,  if  desirable 

FUNCTIONAL  GROUP 3T — 

1.-  Oxygen  functions:-  Alcohol q  antf  rHOMrti 
cited  as  alkoxyl  derivatives  o?  the  1   P     "  USe 


Ethers  are 


^C-C-C-0-C-C-C   is   C4.2C.4Q[C3]. 


is  used. 


arger  fragment 
For  epoxides  the  operation 


AQ 


presented  §%£*? E'JugX*  ft? g"   £* seT?^   iS   ^ 

cipher  must   be   used        An    y   n^~   ^  ^y    o0    see    that   an  HEQ 

citric  acid  is  el&ref  d^fTlx  sS  ^Thf  a  °arbox^   ^P  - 
is   similar   to   that   for   ete.     sth»l.L   J       ^ocea^e   for  ester 

ITcfiYV^fl    BiXCZ   '^^^lMt-    andPhenn   aC6tate 


Triacetin   is   ciphered 
are   conjoined.      Peroxides 


molozonide   and   czonf   e     f   n  JL  Q'    "^S    the   fo™ulas   for   the 

AC5.1    2   4ZO  3PP   sr     wu  Pentene-2  are  -ciphered  C5.2-34QCYQ  and 

■J-,*,*«J.<3Cg.5C,    wnere   Y  signifies   a   dative   bond.         A'^^  and 


ciphers,  U^^tl%^^t;-^  *"   been    indicated   in  previous 
the    same   operation.      Hir^—  -  -  atoms,    with   the   atom 

the    order   of 


named  in 


?hatdof  ?hP  ^re.sh0wn  ^  a  niodulant,  and 
tnat  of  the  periodic  table.   In  adductq 
;  more  th^n  half  «„,.*™  "  .  ,  dUuuoT;a, 


citation  is 
ring  fragments  containing  more  than  hiif  n  ~v  "' 
carbon  aaauets;  otnerwisf,  &  SSSo^JJ  UK-ViSS.!' 
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NK   CH2 


i* 


/\^ 


CH 


NH 


T.1-9&C3.17ZN 


J.1-10ACN 


Biotin  is  expressed  as  AC8. 1-5A.  3Z3.  6,  8Z1N.  2C5. 13X.  7EQ. 

3,  Nitrogenous  functions:-  Amines  are  ciphered  with  a  simple 
i\,  while  quaternary  salts  use  N5  with  the  anion  ciphered  as  at- 
tached to  the  nitrogen  atom.   B. 1,4C. 2NC2. 9, IOC  represents 


CH. 


r   N-N 


CH 


CH. 


CH. 


•CH. 


Ss 


CH. 


Amides  follow  the  ester  system,  while  other  acid  derivatives  re- 
ceive simpler  treatment:  C0C1  becomes  E^CL,  and  anhydrides  are 
named  as  derivatives  of  formic  anhydride  (CXCEQ)  C5 .2, 2C. 5N[ E^C4] . 

c  ' 

is  C-C-C-CONH-C-C-C-C-C,   Nitrcso,  nitro  and  azide  groups  are 

ciphered  Nl,  N2  and  N3;  and  N4  refers  to  the  azo  groups  both  in 
rings  and  open  chains.   Thus  the  dye,  3,  3' -dimethoxy-4,4 »-bis(3» - 

?KP3C^rSi?a?bSo?anli1?e"1,,Taz0)-dlphenyl  is  ciphered'B.9.4,10N4 
L^.oC£QN[B]].3,9^C.   Hydroxylamine s  and  oximes  have  no  special 
operation,  and  hydrazines  are  ciphered  as  NN.   Syn-  and  anti- 
configurations  use  the  El  and  E2  operations.   OtheV  nitroTiTTous 
operations  are  shown  below.  6 


Benzonitrile 
Malonamidlne 

G-uanidine 


B.C.7E3N 

C3.1,3N,EN 

CN,N,EN 


4  Kodulants  of  sulfur  and  phosphorous:-  The  table  below 
shows  the  symbols  for  ciphering  S  and  P  compounds. 


6 
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s 

Divalent  S 

si 

-so- 

S2 

-503- 

33 

-3C3K 

S4 

quaternary  S 

P 

Trivalent  P 

PI 

-PO 

P2 

-po2 

Po 

-PC3 

P4 

-p=p- 

P5 

Pentavalent  P 

ZP 

Hetero-trivalent  P 

5.  Other  elements:-  An  "M"  operation  is  used  for  other  ele- 
ments; e.g.,  C6HsAs(OH)8  is  ciphered  B.MAS. 7, 7Q. 

6.  Carbohydrates:-  For  rapid  reference  and  indexing  of  sac- 
charides, further  abbreviations  are  utilized,  and  stereochemical 
points  are  shown  by  the  "L"  operation.   D-Glucose  is  written 
G6.EQ.3L(open)  or  G6. l-5AQ.3L(pyranose) .   The  0  convention  is 
used  with  polysaccharides. 

For  further  examples,  see  the  end  of  the  following  section. 

GENERAL  PRINCIPLES  GOVERNING  ENUMERATION  AND  CITATION . - - 

Enumeration  follows  citation  in  the  cipher;  each  section  of 
the  cipher  is  enumerated   in  turn,  sections  in  brackets  being 
treated  independently.   The  table  below  lists  the  order  of  pro- 
cedure, 

I.  Primary  Stem  and  Carbon  Skeleton 

1.  The  senior  fused  ring  system  with  any  adducts 

a.  B  or  AC  in  order  of  decreasing  size 

b.  V  and  W  before  their  modulated  forms 

c.  T  and  J  modulants  in  order  of  decreasing  size,  lower 
modulant  coming  first 

2.  Heteroatoms  in  senior  ring 

3.  Aryl  or  alkyl  substituents  in  decreasing  seniority 

a.  '^rhen  enumeration  here  is  bracKeted,  the  substituent's 
heteroatom  is  within  the  bracket 

4.  H  and  E  operations  in  that  order 

II.  Functional  Groups 

5.  Oxygen  functions  in  the  order  AQCQ,  AQ,  ACX,  AX,  CXC,  CX, 
XC,  X,  QC,  Q,  CEQ,  HEQ,  EQ,  QQ 

6.  3,  SE,  TE  operations 

7.  Nitrogenous  functions 

a.  Operations  involving  Q,  and  N 

b.  N, ...N6,  NN,  EN,  ENS 

8.  P,  A3,  Sn,  31  operations 

9.  Halogens;  I,  modulated  I,  BR,  CL,  F 
10.  M  operations 
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,Fif   indexing     the  above   order   is   followed,    except   that  H  and 
E  modifications   follow   functional   variants. 


^  - 


7      8      9     1C       i:  10987 

-C-C-C-C  —  c— o-c-c-c-c- 


>  2 


c    c- 

14       13 


-c 

13 


B.C?.10C.11Q[10B.C4] 


1  6 

1 7/Nr- 


T.1-9a^NC8-17aq 


(CK3)aN<:  >-CK2NHCCC(CH3)3 


jy 


B.C.4NCC.7N[EQC3.2,2C] 

0         0 
II  il 

c-c-c-o-c-c 

CXCEQ.C2.2C 
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MECHANICAL  MANI PULATION  OF  CIPHERS . - - 

Dyson  lists  five  ways  in  which  his  ciphers  are  amenable  to 
mechanical  handling. 

1.  Computation  of  molecular  formula 

2.  Sorting  of  ciphers  to  order  in  indexing  form 

3.  Production  of  printed  ciphers 

4.  Searching  through  compounds  for  structural  character- 
istics 

5.  Seaching  for  predetermined  physical  charactistic 

To  deal  with  operations  (2)  through  (5),  punched  cards  are 
used.   Dyson  has  developed  a  system  for  an  ordinary  80-hole 
punched  card  which  leaves  a  residue  for  punching  literature  ref- 
erences or  physical  properties. 


Bibliography 

Dyson,  "A  New  Notation  and  Enumeration  System  for  Organic  Com- 
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(This  seminar  was  prepared  from  a  photographical  reproduction 
of  the  proof  of  the  book) . 
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THE    ols-trans    ISOMERISM  OF  POL^NE   PIGMENTS 

In   a  molecule   containing   a  long  conjugated    system  of   un  sym- 
metrically  substituted  double   bone's,    a   large   number    of   stereo- 
isomers  are   theoretically  possible,     involving  various   combina- 
tions   of  c  is    and    trans   configurations   around    these    bonds.      Until 
fairly  recently,    however,    investigations    into   the    occurrence   of 
c i s - 1 ra ns    isomerism   have  been   confined    to  molecules    containing 
only  a   few  double    bonds. 

The   carotenoids   are    among    the    most    readily   available    and 
thoroughly   investigated    comoounds   containing   such  a    long  conju- 
gated   system.      This   group    includes   a   number  of   natural  olant    and 
animal   pigments,    with   the  characteristic   tyoe  o^    carbon    skeleton 
and    double   bond    system   shown   in   the   formula    for  p -carotene   on 
DPPe   °.      Members    of    the   series   vary   in    the   nature    of   the   grouos 
terminating   the    molecule,   which  may   be   cyclic   or    acyclic,    in    the 
length    of   the   unsaturated   chrcmoohore,    and    in  the   presence    or 
absence   of    oxygen   in    the    terminal   groups.      In   addition,    certain 
natural  pigments   of   lower   molecular  weight,    apparently  formed    from 
the   C40   carotenoids  by   oxidative   elimination  of  the   end    groups, 
are    included    In   the  class.      In    general,    the  natural    oigments   have 
the    all-trans    configuration,    as   shown   for    p-carotene., 

The   first    suggestion   of    a  c  is   configuration    in    such   a   molecule 
occurred  when   Herzig  and    Faltis    (l)    isolated   an    isomer    of   natural 
bixin.      They   ascribed    this,    however,    to    a    shift   in    the   oosltion    of 
a   double   bond,      Karrer  and    his    co-workers    ( 9 )    and    Kuhn  and 
Winter  stein   (*)    indicated    that    the    isomers  were   of    the   cl s-trans 
tyoe,    and    that    the  conversion   of    the   labile   to    the    stable   form 
could    be  brought    about  by   iodine    catalysis.      Similar   results   were 
reoorted   in   the   cases    of   crocetin. 

The  extension  to  the  C40  carotenoids  was  based  on  the  obser- 
vation of  G-iHam  ^nd  El  Ridi  (4)  that  both  a-  and  p-carotene ,  upon 
being  chroma  tog r a ohed  on  an  alumina  column,  gave  rise  to  isomeric 
croquets,  adsorbed  belo™  the  natural  pigment  on  the  column.  They 
considered  that  the  isomerism  was  produced  by  the  chroma tograohic 
orocedure,  end  discussed  both  els- trans  shifts  and  shifts  in  the 
oosition   0^   a   double  bond   to  exolaln   their  results. 

Zechmesiter   and    his    co-workers  have   investigated    this  pheno- 
menon  at   great    length.      For   references    a   review  by   Zechmeister   may 
be   consulted    (5).      They  demonstrated    that   the    lsomerizatlon  was 
not   produced    by   chroma tograo hi ng,    but   was   the    result    of  a   slow 
thermal    is omeriz^t ion   of    the    oigments    on   standing  In   solution.      In 
all    the   pigments   investigated  a   short   period    of   re  fluxing   of    the 
solutions    produced    isomers  which  could   be    separated   by   chromato- 
graphy.     These   were   characterized   by  a    shift   in    the   position   of 
the    visible    absorption   maximum   to    shorter  wave-lengths,    and    a 
diminution   in    the   intensity   o^  absorption.      Iodine   was    also   em- 
ployed   as   a    catalyst  for    these    isomerlzations ,    and    they  were    shown 
to   be   entirely  reversible. 


'    ' 
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Mulliken    (6)   and    Pauling    (?)    showed    that    these    optical   changes 
were   those    to   be   expected    following  &    trans     — >     cis    shift, 
Pauling  simplified   the   problem,    when   he  pointed    out    steric   reasons 
for   concluding  that   only  certain  bonds    in  the   long  polyene   chain 
could  be   exoected    to  exist    in   a  cis    configuration.      In    the    -formula 
of   p-carotene    shown   the    double  bonds    o^  the   chromophore    are    num- 
bered;   the    stereochemi  cally  effective    ones   are    indicated   by  under- 
lining  their    numbers, 

yOJ2L 

\CJ    I       2         -J        ^  .5  i  Z  &  1  <o       // 

This    decreases    the    number   of   isomers   expected,    although  the 
number   is    still    large,    ranging  from   ^0   in  p-carotene    to  128   in 
lycoxanthin.      An   argument  was  also  presented    correlating  the   mag- 
nitude  of    the    shift   in   the   absorption  maximum  with   the   number   of 
trans     — >     cis    changes   which  had  occurred. 

The   discovery   of   a   naturally  occurring  oartially  cis    Isomer 
of    lycopene    (p)   was   followed   by   the   discovery   of   a   similar    isomer 
of   a-carotene.       These  were    at   -first   assumed    to  be   all   cis    (in   the 
restricted    sense    indicated    above)    on   the   basis    of   the   soectral 
shift;    this   was    later   modified  when    it   was   found    they   could   be 
converted    to   oip/ments  with   their   absorption  maxima   at   still 
shorter  wave-lengths.      Using   these    compounds   as    the  basis   for   fur- 
ther  isomeriz atlon   experiments   the    number  of  characterised    isomers 
in   a   p-iven   s  tereois  omerlc    set   was    Increase^;    ten    out    o^   the    sixty- 
four  predicted    isomers   of    lycopene   we-re   described. 

In   addition   to   the   methods    of   iodine  catalysis    and    thermal 
isomerization    in   solution   already  described,    several    new  methods 
were    introduced.      These    included   melting  of   the    crystalline    mate- 
rials   in  an   inert  atmosphere,    shaking  of    the  solutions  with  strong 
acid,    and    exposure    of    the   solutions    to    sunlight    ( insolation) . 

The  use    of    spectral   curves   for   characterization   of  members   of 
some   sets  led    Zechmeister   and    Polgar   (9)    to   the   discovery   of  an 
important  phenomenon,    the    so-called   cis  peak.      Upon  treatment    of  a 
natural   all    t  ra  n  s    car  ctenoid   with   iodine    a   new   absorption  band    in 
the    ^ep-ion   from    ^O-.^O  m/*  was    observed.      The   various    isomers   pro- 
duced   contributed   unequally   to   the   effect,      Pauling    (10)   furnished 
a    theoretical    interpretation   of  the    effect,    suggesting   that  mole- 
cules with   a  cis,  double   bond,   in   the   central   part    of   the   chromoohore 
should    show   a   high  cis  peak,    while   molecules  with   several   cis 
double   bonds   would    not    show   one. 
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By   the   use   %f   the    oostulates    that   the    shift    in    the   absorotlon 
maximum  was    orooor  tlonal    to    the   number   o**  double    bonds    in    the  c  is 
configuration,    that    t.he    aooearence  of   ?    els  neak   denoted    a   bent — 
molecule,    ?n^    that   thermal    isomerism  wmi6  be    expected   to   affect 
the    central    oortion   of   the   chromonhore    esoeciallv    stron^lv  • 
Zechmeieter  en*  his    grouD    were    enabled    to  tentatlvPly  iflentifv 
several  members   out    of  each   set   Investigated, 

In  the  case   of  methyl   blxin   ^ive   isomers  were   legated,    four 
in   crystal  line   form.      They  were  assigned    the   structures    shown   in 
outline   form   below,    on   the   basis   o^   the   soectral   data   given   in   the 
tablP      and    the    thermal    interconversions    indicated.      I„  addition   thp 

cis   ^ffJ1   ^f"   l5   ir^^>    t0    *h**  th?t    *  cumulation   of 

els   bon^s  does   not   orodu  ce   a    bpnt  molecule. 


Visual  abs.  max. 

Natural  methyl  bixin        405 
All  trpns  methyl  blxin 


mol     _4 
Elon  x  10   nf   Isomer 


Neomethylbixln  A 
Neomethylbixin  C 


490 

485 

47P. 5 


-  vain*   of  all- 

-trans 

M.P. 

0.4 

1P8° 



161 

9.8 

191 

1.4 

151 

Natural   corned,    II 
?- 0 Is    methyl   bixin 

A  ' 
1     < 

All   trans   comod ,    I 


Neo    C        IV 

2,5-dlcis   methvl   blxin 

Neo    A    'ill 

5-cls    methyl    bivi0 


tr 


V   is   all    els    comoound,    not   knoT-'n. 

(Heavy  arrors    indicate   easy   thermal   transformations,    dotted 
ans^ormptlons    that  d0   not   t^ke    olace    to   a  P-reat   extent.) 
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In  collaboration  with  Le   Rosen    (11 ),    Zechmeister  extended    this 
treatment    to    the   case   of    the    diohenyl   polyenes.      Synthetic   all 
trans   diphenyloc  tatetraene    was    lsomerlzed   to  yield   a   mixture    of 
the   all    trans  r    the  Q-cis_,    an^   the    ° ,  ^-djcis    isomers.      The    1-   and 
4-double  bonds  did  not  assume    the   els   configuration,    due    tc  the 
steric    effect    of    the  benzene   ring. 

The  great    importance   of  physical   methods   of   analysis    and    the 
theoretical    interore tatlon   of   the  data    obtained   should   be   empha- 
sise     The  use   of   chromatography  for    the    reparation   of    isomers 
and    the   establishment   of    identity  between    isomers    stable    only   in 
solution,    and    the   employment    of   the    iodine   equilibrium   curve    to 
characterize    the  various  members   of   a   stereoisomeric   set  was 
indispensable  . 
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THE  CHEMISTRY  OF  STREPTOMYCIN 

I.  Introduction.  —  Streptomycin  is  an  antibiotic  substance 
first  discovered  by  Waksman  and  coworkers  in  1944  (l)  in  fil- 
trates of  cultures  of  an  actinomycete,  Streptomyces  griseus. 
Streptomycin  (2,3,4,5),  whose  molecular  formula  is  C31H3gN7013, 
is  a  strongly  basic  compound  which  forms  salts  of  several  types, 
reacts  with  carbonyl  reagents  and  upon  hydrogenation,  takes  up  one 
mol  of  hydrogen  to  form  dihydrostreptomycin  (15,18).   Whereas 
streptomycin  is  inactivated  by  carbonyl  reagents,  dihydrostrepto- 
mycin is  not.   Treatment  with  methanolic  hydrochloric  acid  (6) 
breaks  down  streptomycin,  giving  two  products,  one  a  strongly  basic 
guanido  compound,  and  the  other  a  nitrogen-containing  di saccharide. 

II.  Streptidine. — The  strongly  basic  guanido  compound  derived 
from  the  degradation  of  streptomycin  was  named  streptidine  (7,8,9, 
10,12)  and  was  found  to  have  the  formula  C8K18N6C4.   Streptidine 
gives  a  positive  Sakaguchi  reaction  showing  the  presence  of  guanido 
groups  and  gives  no  nitrogen  in  the  Van  $lyke  test  showing  that  it 
has  no  primary  amino  groups.   Oxidation  with  permanganate  yields 
two  mols  of  guanidine  so  that  there  must  be  two  guanido  groups  in 
the  molecule.   Formation  ol  an  octaacetate  shows  that  there  must 
also  be  four  hydroxyl  groups  since  mono- substituted  guanidines 
form  diacetates. 

When  streptidine  is  hydrolyzed  with  alkali,  ammonia  and  carbon 
dioxide  are  given  off  and  streptamine,  C6H14N204,  is  formed. 
Streptarnine  shows  two  primary  amino  groups  in  the  VanSlyke  test. 
It  forms  hexaacetyl  and  hexabenzoyl  compounds  from  which  N,N'- 
diacetyl  and  NjN'-dibenzoyl  derivatives  can  be  prepared.   Oxida- 
tion of  streptamine  with  periodic  acid  shows  that  it  has  a  cyclic 
structure. 

Oxidation  of  streptidine  with  periodic  acid  indicates  that  the 
guanido  groups  must  be  either  in  1,3-  or  1,4-positions.   Proof  of 
the  actual  positions  is  shown  in  two  ways.   Pyrolysis  of  hexa- 
acetylstreptamine  yields  2, 4-diacetamidophenol.   Oxidation  of 
N,N'-dibenzoylstreptamine  with  periodic  acid  followed  by  oxida- 
tion with  bromine  water  produces  a  dibenzoylaminoglutaric  acid 
which  would  not  be  formed  if  the  amino  groups  in  streptamine  were 
1,4-.   Thus,  the  amino  groups  in  streptamine  and  therefore,  the 
guanido  groups  in  streptidine,  are  1,3-.   Streptidine  then  is  1,3- 
diguanido-2,4,5 , 6-tetrahydroxycyclohexane . 

H         N-H 

C-NH-C-NHg 
HCHC    CHCH 

I   !    W-h 

HOHC   XCK-NH-C-NH2 
NCH0H 

Streptidine 
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III.  Streptobiosamine. — When  streptomycin  is  treated  with 
methanolic  hydrochloric  acid,  one  of  the  products  is  a  derivative 
of  a  nitrogen-containing  disaccharide,  which  disaccharide  was 
named  streptobiosamine  (6).  The  derivative  obtained  in  the.  above 
mentioned  reaction  was  methyl  streptobiosaminide  dimethyl  acetal. 
Acid  hydrolysis  of  methyl  streptobiosaminide  dimethyl  acetal  fol- 
lowed by  acetylation  yields  as  one  product,  a  pentaacetylhexosamine. 

A.  N-Methyl-1- glucosamine  (11). — Hydrolysis  of  the  penta- 
acetylhexosamine yields  a  hexosamine  which  gives  1-glucose  phenyl- 
osizone  on  treatment  with  phenyl  hydrazine.   Oxidation  of  the 
hexosamine  with  mercuric  oxide  gives  an  acid  which  has  the  same 
melting  point  as  N-methyl-d-gluccsamic  acid  but  opposite  optical 
rotation.   The  acid  synthesized  starting  with  1-arabinose,  methyl- 
amine  and  hydrogen  cyanide  (Strecker  reaction)  proved  to  be  identica 
with  the  one  obtained  by  mercuric  oxide  oxidation  of  the  hexosamine 
derived  from  streptociosamine.   Conversion  of  the  synthetic  acid  to 
the  lactone,  reduction  of  the  lactone  and  acetylation  of  this 
product  gives  a  pentaacetylhexosamine  identical  with  that  derived 
from  the  hydrolytic  products  of  streptobiosamine .   Therefore,  N- 
methyl-1-glucosamine  is  one  of  the  parts  of  streptobiosamine. 

3.  Streptcse. — Knowing  the  molecular  formulas  of  streptomycin, 
streptidine  and  N-methyl-1-glucosamine ,  it  can  be  calculated  that 
the  second  half  of  the  disaccharide  should  have  a  formula  C6K1005. 
This  compound  was  named  streptose  ( streptonose) .   However,  in  all 
attempts  to  isolate  streptose  from  the  hydrolytic  products  of 
streptobiosamine  derivatives,  it  is  found  that  the  streptose  has 
decomposed  during  hydrolysis.   The  structure  of  streptose  then  is 
shown  indirectly  by  reactions  of  its  derivatives. 

Since  streotomycin  reacts  very  readily  with  carbonyl  re- 
agents (6,20,21),  apparently  there  is  a  free  carbonyl  group  some- 
where in  the  molecule.   In  dihydro streptomycin  this  carbonyl  group 
has  been  reduced  and  since  both  streptidine  and  N-methyl-1- 
glucosamine  can  be  isolated  from  hydrolytic  products  of  dihydro- 
streptomycin,  the  carbonyl  group  in  streptomycin  must  be  located 
in  the  streptose  portion  of  the  molecule.   If  methyl  streptobio- 
saminide dimethyl  acetal  is  acetylated,  a  tetraacetyl  derivative 
is  obtained.   A  Zerewitinoff  determination  (16)  shows  that  there 
is  a  hydroxyl  group  in  this  molecule  that  is  resistant  to  acetyl- 
ation.  Presumably,  this  would  be  a  tertiary  hydroxyl.   Treatment 
of  this  tetraacetyl  derivative  with  ethyl  mercaptan  gives  ethyl 
tetraacetylthio streptobiosaminide  diethyl  mercaptal  (14).    If  this 
mercaptal  is  treated  with  fresh  Raney  nickel,  each  of  the  ethyl 
mercapto  groups  is  replaced  by  hydrogen,  giving  tetraacetylbis- 
desoxy streptobiosamine.   This  may  be  converted  to  N-acetylbisdesoxy- 
streptobiosamine  which  shows  no  reducing  action.   Hydrolysis  of 
this  N-acetyl  derivative  gives  bi  sdesoxystreptose  and  N-methyl-1- 
glucosarnine  showing  that  the  linkage  of  the  two  parts  of  strepto- 
biosamine involves  the  number  one  carbon  of  N-methyl-1-glucosamine. 
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Bisdescxystreptose  (15)  has  the  molecular  formula  C6H13C3. 
It  forms  a  bis-p_-nltrobenzoate  and  reacts  with  one  mol  of  per- 
iodate  giving  a  product  which,  after  hydrolysis,  yields  osazones 
of  diacetyl  upon  treatment  with  excess  phenyl  hydrazines.   Re- 
action with  boric  acid  gives  an  acidic  comolex  showing  that  the 
hydroxyl  groups  are  cis.   Bisdeoxy streptose  then  is  3. 4-dimethyl- 
2,4-dihydroxytetrahydrofuran, 

From  the  above  data  then,  it  can  be  seen  that  there  are  four 
possible  structures  for  streptose. 


HO-CH  

HO-C-H 
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Treatment  of  ethyl  tetraacetylthiostreptobiosami 
mercaptal  with  mercuric  chloride  and  cadmium  carbonat 
moves  the  ethyl  mercapto  groups  giving  tetraacetylstr 
Oxidation  of  this  product  with  bromine  water,  followe 
ation,  gives  pentaacetylstreptobiosamic  acid  lactone, 
lactone  can  be  hyarolyzed  to  give  streptosonic  acid  1 
-methyl -1-glucosamine.   Streptosonic  acid  lactone  ha 


nide  diethyl 
e  (17)  re- 
eptobicsamine. 


d  by  acetyl- 
This  acid 

actone  and 
the  formula 


CeHeOe^  Structures  III  and  IV  for  streptose  are  thus  eliminated 

Since  a 

>ne,  a  straight 
lactone, 
;here  are  two 


since  they  would  not  give 
Kuhn-Rcth  oxidation  shows 
chain  structure  for  it  is 
streptosonic  acid  diamide 


six-carbon  dibasic  acids. 
one  C-CH3  in  the  acid  lacto: 
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This  diamide  used  two  mols  of  periodate  on  oxidation  showing  that 
there  are  three  adjacent  hydroxyl  groups.   No  volatile  acid  was 
produced  showing  that  structure  II  for  the  diamide  is  not  correct 
since  it  would  yield  acetic  acid.   Streptosonic  acid  lactone  re- 
acts with  two  mols  of  periodate  giving  glyoxalic  acid,  oxalic 
acid  and  acetaldehyde,  further  proof  for  structure  I  of  the  diamide 
and  therefore,  structure  I  of  strepose. 


CH 


C 


CH3-HN-C-H 

H-C-OH 

HO-C-H 
I 
C-H 

CK2OH 


-0 


HC-CH  - 
C-H 


HC-C-CHO 

I 

H-C 


0 


CH- 


The  complete  structure  for  streptomycin  can  not  be  written 
as  yet  since  the  position  of  the  linkage  of  streptobiosamine  to 
streptidine  is  still  unknown. 
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Reported  by  R.  L.  McG-eachin 
February  14,  1947 


IS 

SODIUM  REDUCTION  OF   FATTY  ACID   ESTERS 

The   reduction   of   esters   to   alcohols  by  means    of   solium   and    a 
reducing*  alcohol   is  commonly   ^nown   as   the  ^ouveault-Blanc   method 
from   the  men   who  discovered    the  repctlon   in  IPO?    (l,?).      They  car- 
rier'   out   the    reduction  by  the   addition   of   sodium    in   large   nieces 
to   the  e^ter  dissolved   in  absolute    °thanol.      This  method,    which 
uses   a    large   excess    of    sodium  and   alcohol,    has    uroved   very  conveni- 
ent   in   synthetic    organic    research  and    is    still   a    recommended    croce- 
dure    (?).      However,    this   method   has   several  disadvantages  as   a 
commercial   oreparatlon   of   alcohols.      A  considerable    amount   of 
solium  is   consumed   by   reaction  with    the    reducing  alcohol,    ethanol 
is    required    in   large   amounts   and    is   not    easily  recovered   as   abso- 
lute  ethanol,    and  the   temperature    of  boiling  ethanol   is  somewhat 
low   ^or   ra.oid    and   efficient    reduction. 

Since    the  method    of  Rouveault   an^   Blanc  was    introduced,    sev~. 
eve^el    modifications  have   been  made  which  have   recently   led   to   a 
orocess   of   vast   commercial   importance.      It  was  found    (4)   that   the 
ef^icipncy   of    sodium   could   be  increased    and   the   reaction   time 
shortened    from   six   hours    to    one  hour  by   the  addition   of   a  mixture 
of   ester    and   ethanol   to   the    molten    sodium   suspended   in   toluene. 
Later  by  using"  sodium   sand    in    toluene    to  prevent   an    initial   reac-    , 
tion  flelay   (5,6),    the   reaction   time   was   decreased   to  4-5  minutes 
with  better  yields.      Butanol    (7)   was   found    to  have    an   advantage 
over   ethanol    since    it  could    be   obtained    in  a  more    anhydrous  condi- 
tion.     During  the  war   large    quantities   of   fats  were    reduced   by 
sodium  to   the  alcohols   and    glycerol.      A  report    (8)    on   this  orocess 
shows   it    to  be    a  commercial   application  of   the   above   modifications. 

Hydroeren  formed    by  the  direct  reaction   of   alcohols  with   sodium 
plays    no  role    in   this    type    reduction    (P).      ^aeyer    (l^°?)   considered 
that    the  dissolving  metal  reacted  with    the    solvent    to   liberate 
hydrogen    atoms   pn^   that    these    "nascent"    hydrogen   atoms   then   reduced 
the    organic   compound   before    they  could   combine  with  each  other    to 
form   molecular  hydrogen.      Until   recent   years   this    theory  was   widely 
accepted   and    is    still  used    by  many   authors    (10,11').      The    overall 
ester   reduction   can  be  represented   by  a    simple   equation  using  ethyl 
palmitate,    sodium,    and_  ethanol, 

Ci5H3iCC2Et   +  4Na  +    ?EtOH       ->       C15H31CH30H  +   4Et0Na 

The   most   commonly  accepted   mechanism   (P.,1^)    explains    the 
reduction   by  a    series    of   reactions, 

Q  9Na    „„nu   ONa        Na   QM    Na 

RC-OR'  +  PNa  -*  RQOR'    -X"1  RC-CR «  ->  R(S=0  -^      RC-ONa   -► 

Na  H  H  H 


R»CH 


RCH20Na 


Hydrolysis    of   the   sodium  alcoholate   mixture   with  water   yields    the 
free   alcohols.      Any  direct  reaction  of    solium  with  the   reducing 
alcohol   is   a    side   reaction. 

R"0H  +  Na         -*         R"0Na   +   l/?Ha 
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These    equations   show    thpt    the   theoretical  ratio   of  rp™  mate- 
ripls   is  1    molp    of  ecter,    °  molps    of    reducing*  alcohol   and   4  atoms 
of    solium,    but  ^'hen    the   reduction   is    run  with   et^anol    in   this 
ratio   there    is    sufficient   direct  reaction  with  solium   to  unset 
this    ratio.      A  desirable   reducing  alcohol  would    thus   be   one  which 
will   rpact  with   the    solium   ketal  but    not   appreciably  with   the 
sodium  under   the   reaction   conditions.      It  was   found    (P)   that    the 
half-life   periods   of    alcohols    in   the    presence   of    sodium  under    these 
conditions  wpg    ^-4  minutes    for   primary   alcohols   of   lower   molecular 
weight,    10-15   minutes    for    secondary   alcohols,    and    over   90  minutes 
^or    tertiary    alcohols.      Tertiary   alcohols   are    found    in   some   cases 
to  decompose   the   intermediate    sodium   ketals   too    slowly  while    second- 
ary  alcohols    have   about    the    orcoer  reactivity.      The    choice    of   a 
^articular   alcohol    depends    on    availability ,    cost,    ease   of   recovery 
in   anhydrous   condition,    and    solubility   o^   the   solium   alkoxide   under 
actual   reduction   conditions.      Methyl   hev^iin,    the    isomeric  mixture 
°r  fl~«  ID~  >    p-hexahydrocresols ,    methyl    isobutvl   carblnol,    and 
tertlary-butanol   Qre    examples   of  alcohols   which  have   been   used. 

Toluene    or  xylene    is    the   preferred    solvent   except   in  a    few 
special    cases.      It    is  convenient   to   choose   a   solvent    such  that   the 
heat    of  reaction   can   be   remove*   by   allowing  the    solvent    to   reflux 
in   a   very  efficient   metal   condenser.       In   practice    about   5  per  cent 
excess   o^    sodium  with  little    or   no   solvent  is    placed    in  the   reac- 
tion/^lask.      Ester   to  be   reduced    is    mixed   with  about   5  per  cent 
excess    o^    the    reducing:  alcohol   an*    enough   solvent    to  keep   the   reac- 
tion  mixture   fluid   during   the  reduction.      The   e^ter   mixture    is    run 
in   as   rapidly   as   Possible    into    the   reaction   flask  containing   the 
stirred    molten    solium.      The      reduction   mixture   must   not   be   allowed 
to   come    in   contact  with   air   since    it   will   iPnlte    spontaneously  at 
that    temperature.      This    is  prevented   by   solvent   vapors. 

mhe   reaction  mixture   must   be  ket)t    fluid    since    selling   isolates 
the    sodium    globules    and    prevents   complete    reaction.      Give er ides 
give   more    fluid    mixtures    than    do  methvl   esters,    other   factors    being 
equal.      Methyl    isobutvl   carbinol   is    an   excellent   reducing  alcohol 
since   it    gives    much  more    fluid    mixtures    than   most   other  alcohols. 
After   the    reaction  is    finished    the   product  ™ith   any  excess    sodli 
is  run  directly   under   »n   actively  boiling  aqueous    solution.      In 
this   way   the    sodium   alcoholates    an*    sodium  are   decomposed    under 
steam  cover    and   without  fire    hazards.       If   any   large    lumps    of    sodium 
are    present    they    are    removed    mechanically.      The   solvent    and    reduc- 
ing  alcohol   pre    collected   together    fro^   the   steam  distillate    and 
the   water   content   lowered    to    0,05^  by   az.eotrooic   distillation   in 
the   cas<=   of   a    xylene-methyl    isobutyl   carbinol   mixture,    and    the   mix- 
ture   is    ready   ^or    reuse.      The    efficiency   of    the    reaction   can   be 
studied   by   the   amount    of   hydrogen   liberated  and    r*py   be    improved 
considerably  by   this    study.      vields    of   the    alcohols    range   from 
70-Q^  per    cent   based  on   the    esters. 

Saturated    alcohols,    and    to   a    limited   extent    unsaturated    alco- 
hols,   can   also  be   prepared  by  catalytic   reductions    (l-'O.      High 
temperatures   and   pressures    are   required    for   the   reduction  and   under 
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these   conditions   glycerol    is    reduced    to    orooylene    srlycol.      In   the 
podium  reduction   method,    the  glvcerol    is    Easily   recovered   as  well 
as    solium   hydroxide.      Reduction   of   unsaturated    esters    to   the   cor- 
responding- alcohols   is    not  commercially  feasible   catalytically 
since   the   zinc    chromite   catalyst  must   be   used    to    the   extent    of 
about  half   the  weight  of   the    ester. 

Reductions   by  means    of    sodium  becomes  more   attractive   as   the 
molecular  weight    of  the   oarent    ester   increase^.      Unsaturated    esters 
with  an   average    of   five   ethylenic  bonds    (not   con  juga  ted)  can  be 
reduced  with   little    effect   on   the   degree   of   unsa turation,    as    in 
the    case   of   menhaden   oil.      In   the   reduction   of  linoleic   ester,    i 
was   reoorted    (14,15,1*0    that    in  addition   to  linoleyl   alcohol,    the 
conjugated    alcohol    of   the    same    unsa turation  was   formed   due    to   a 
shl^t   of  the    ethylenic    bend   by    the    strong  alkali.      This    ethylenic 
shi^t  wps    not   mentioned    in  the    industrial   reoort    (p)    on   the    reduc- 
tion  of   this   ester.      51eoste«rlc   acid,    the   glycerine    of  which 
amounts    to    over    ^5  oe r  cent    of   tung   oil,    contains    three   conjugated 
double    bonds.      On   reduction,    an   alcohol   is   obtained  with  two   double 
bonds  which   are    not   conjugated,    an    isomer  of  linoleyl   alcohol. 

All   saturated    fatty   acid   esters  have  been  reduced    in   good 
yield   by   this   method    to    the   corresponding  alcohol.      Unsaturated 
alcohols    such  as    linoleyl,    linolenyl,    oleyl,    cluoanodonyl,    ricino- 
layl,    erucyl,    and   abietyl   alcohols   have    also  been   oreoered    in  good 
yields  by   this   method, 

Reducing   alcohols  which  are  too   low  in   reactivity   to  alcohol- 
ize   the   intermediate    sodium   ketals   with  sufficient    soeed    give 
bimolecular   reaction  products   or   aeyloins.      The  effect  is    the    same 
to   some    extent   as   if   all    the    reducing   alcohol   were    omitted.      This 
reduction   requires    only   half    the   sodium   needed   to   oroduce   a    higher 
alcohol.      In   the    absence    of    a   reducing   alcohol   the    sodium  ester 
ketal   enters    into   a    G-rignard    tv^oe  reaction  with   a    second    ester 
molecule    (P,12), 


/CNa 
R-C 

VCR'  R-C=o      orT        RC-CNa  R-C=0 

xCNa    -         I  *&       II  «aP  I 

Rfl  R_C        ,  R-C=0  RC-ONa  R-C^CH 


CNe  0 

RC-OR'    +  R(!i-CR 


The   preDaration    {IP)    of    aeyloins    has    been   extended    from 
1°   carbons   to  ?G   carbons   by    the    sodium   reduction    of  ^atty  acid 
esters   in   the   same    wpy  as   described    above  with  the    exclusion   of 
the    reducing   alcohol. 
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THE  SYNTHESIS  OF  VITAMIN  A 


Karrer  (9)  established  the  generally  accepted  structure  (I) 
for  vitamin  A  in  1931.  After  confirming  this  work,  Heilbron  and 
coworkers  (5)  began  a  systematic  study  of  polyene  chemistry  in  an 


CH. 


CH- 


\ 


/ 


-CH=CH-C=CH-CH=CH-C=CH-CH3OH 

CH3        CH3 
-CH3 


attempt  to  synthesize  the  vitamin,  and  although  they  have  never 
realized  this  goal,  his  group  has  helped  immeasurably  in  laying 
the  fundamental  groundwork  upon  which  later  investigations  have 
proceeded.   While  other  attempts  have  been  made  to  accomplish  the 
synthesis  (6)  none  appear  to  have  been  successful  to  the  extent 
of  yielding  a  biologically  active  substance  until  1945.   (The 
claim  published  by  Kuhn  and  Morris  (11)  in  1937  has  never  been 
substantiated).   Since  that  time  syntheses  of  the  acid  (la)  and 
alkyl  ether  (Ie)  corresponding  to  vitamin  A  have  been  reported, 
and  Milas  (12)  has  patented  methods  for  preparing  the  alcohol 
itself. 

(1).  Intermediates. — The  starting  point  in  all  vitamin  A 
syntheses  has  been  £-ionone  (II)  (15)  or  some  compound  derived 
directly  from  it  such  as  £-ionylidene  acetaldehyde  (III)  or 
£-ionylidene  formaldehyde  (IV  or  IVa) .   (R  =  ring  system  in  I). 


R-CH=CH-C=0 
CH3 

II 


R-CH=CH-CH-CHO 
IV 


R-CH=CH-C=CK-CKO 
CH, 


R— •  0  ri  3  ~  G  n — u~UnO 

CH, 


III 


IVa 


The  failure  to  obtain  III  appears  to  have  been  the  stumbling  point 
in  most  of  the  earlier  attempts  (1,6).   £-Ionylidene  formaldehyde, 
used  in  several  of  the  more  recent  syntheses  may  be  prepared  in 
the  following  manner:  (5,12) 


NaOEt  0 

-C=0   +   ClCH3C03Et    ->    R-CH=CH-C— ~CH-C03Et 
»Ha  CH3 


MgHg  |  +  ClCH3CC3Et 


I  ale. 
i-  KCH 
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?K  CI         KOH  xON 

R-CH=CH-C— CH-C02Et    -»    R-CH=CH-C CK-COsH 

CH3  CK3 


L 


-CO, 


^  R-CH2-Q=CH-CHO    or    R-CH=CK-CH-CHO   j> 
CH3  CK3      J 

IVa  IV 

Heilbron  (5)  has  shown  by  absorption  spectra  studies  that  IV  is 
probably  not  formed  in  this  reaction,  and  has  assigned  structure 
IVa  to  the  product.   Milas  (12),  however,  assumes  the  structure  to 
be  represented  by  IV  in  all  of  his  published  schemes. 

(2).  Vitamin  A  Ether. — The  methyl  and  ethyl  ether  of  vitamin 
A  have  been  prepared  by  Isler  and  coworkers  (7),  and  Milas  (12,13) 
by  similar  procedures. 

OH  RMgBr  (?H     (?H  H2 

IVa  +  HC=C-C-CH2CH2OR    ~»    R-CH2-CH=9-CH-C=C-p-CH2CH20R  -» 

6H3  etc.  CH3      CH3         Pd 

PBr3  KOH 

2,5  diene   -*   dibromide  ->   R-CH=CH-(J=CH-CH=CH-C=CH-CH2OR 
Pyr.  CH3        CH3 

Ie 

Oroshnik  (14)  has  varied  this  scheme  somewhat  by  starting 
with  the  condensation  product  of  £-ionone  and  acetylene. 

OH  pH 

R-CH=CH-g-C=CNa  +  C1CH2-9=CH-CH20CH3  ~> R-CH=CH-g-C=C-CH2-C=CH-CH2OCH3 
CH3  CH3  Cn3        C^H3 

Pd  HOAc  QH 

-♦  1,4,7-triene   -»   R-CH=CH-g=CH-CH-CH2-C=CH-CH2OCH3  -*  Ie 

H2  Tos.         CH3         CH3 

Isler' s  methyl  ether  was  reported  to  have  the  same  absorption 
spectrum  as  vitamin  A  itself  and  on  the  basis  of  animal  experi- 
ments appeared  to  be  at  least  as  active  as  ^.-carotene  (i.e.  about 
one  half  as  active  as  vitamin  a).   Milas'  methyl  ether  was  ap- 
proximately one  thirty-fifth  as  active  as  pure  vitamin  A  (13). 
Oroshnik  (14)  has  not  as  yet  reported  on  the  activity  of  his 
product. 
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Pure  crystalline  vitamin  A  methyl  ether  prepared  from  the 
natural  product  has  a  potency  of  the  same  order  of  activity  as 
crystalline  vitamin  A  alcohol  (i.e.  3,500,000  U.S. P.  units  per 
gram)  (4). 

(3).  Vitamin  A  Acid. — Karrer  and  coworkers  (8),  and  Van  Dorp 
(16)  have  synthesized  the  acid  corresponding  to  vitamin  A  utilizing 
in  the  first  step  the  vinylog  of  bromoacetic  ester  in  the 
Reformatsky  condensation  (2,3,18). 

Zn 

II      +      BrCH3CH=CHC03CH3      ->    -*     R-CH=CH-C=CH-CH=CH-C03CH3 

CH3 

V 


Unsaturated  bromoesters  of  this  type  are  prepared  by  means  of  N- 
bromosuccinimide  (10,17). 

Hydrolysis  of  the  ester  (V)  gives  the  "C17  acid"  which  is  con- 
verted to  the  higher  acid  by  the  following  scheme. 

PC13         CH3ZnI 
R-CH=CH-(J=CH-CH=CH-C03H  -»   Acid  CI   -*    R-CH=CH-C=CH-CK=CH-9=0 
CH3  CH3        CH3 

I CH3L1,  Ha0 ?  4 

BrCH3C0-CH3 

Zn 

-*  R-CH=CH-C=CH-CH=CH-C=CH-C08CH3     ->    R-CH=CH-C=CH-CH=CH--Q=CH-C03H 
CH3  CH3  O1I3  CH3 

la 

Heilbron's  group  (5-XXIV)  succeeded  in  preparing  the  "C17 
acid"  and  converted  it  to  the  "C18  ketone"  by  means  of  Cd(CH3)3, 
however,  they  have  never  reported  a  completion  of  the  synthesis. 

Van  Dorp  (16)  indicated  that  his  product  was  about  one  half 
as  active  as  vitamin  A.   Karrer  has  not  as  yet  reported  any  acti- 
vity data. 

(4).  Vitamin  A  Alcohol. — Milas  (12)  has  patented  several 
methods  for  the  synthesis  of  the  alcohol.   The  following  is  one 
of  the  more  typical  schemes. 
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NaC=CH  OH 

-♦        R-CH=CH-(?K-CH-C=CH  R-CH=CH-g=CH-C=CH 


IV         -♦ 
CH2=CHCCCH3 


U  H  3 


C  x  0K7S03H 


RMgBr 


CH< 


9H       H2  OH 

R-CK=CH-(J=CK-C=C-9-CH=CH3  ->   R-CH=CH-C=CH-CH=CH-g-CH=CH~ 
CH3      CK3      Pd  CH3        CH3 


P3r3   Shift  KOAc 

-»     ->   R-CH=CH-C=CH-CH=CH-9=CH-CHaBr   -»   Acetate 

CH3         CH3 

AgOH 


1 


Heilcron  (5)  has  indicated  that  aniontropic  rearrangements 
occur  quite  generally  amongst  a,  (^-unsaturated  carbinols. 


CK3(CH=CH)  -CH-C=C-R 
OK 


all.  H2504 


CH3-CK- ( CH=CK)  -C-C-R 
OH 


(Where  x  =  1,2,  or  3) 


CH3      10$  H2504  CH3 

CH3=CH-GH-CSGH      ~->      HOCH2-CH=C-C=CH 
OH 


While  vinyl  ethynyl  cartinol  fails  to  undergo  this  shift  even  with 
25%   sulfuric  acid,  replacement  of  the  -OH  with  CI  or  Br  leads  to 
rearrangement.   Semihydrogenation  to  the  divinyl  cartinol  also 
facilitates  the  shift. 


PCI, 


CH2=CH~9H-C=CH 

OH 


(H) 


ClCH9-CH=CH-C=CH 


\v 

Dil.  H2S04 
CHa=CH-pH-CH=CH       ~»     HOCHa-CH=CH-CH=CH3 

OH 

Milas  has  not  specifically  indicated  the  activity  of  his 
vitamin  a  alcohol  but  implies  that  it  has  about  the  same  order  of 
activity  as  the  methyl  ether  which  he  prepared  (i.e.  50,000  to 
100,000  U.S. P.  units  per  gram)  (13). 
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SYNTHESIS  OF  AMIDINES 

I.  Introduction. — Amidines  have  been  prepared  by  a  great 
many  methods  but  until  recently  only  three  methods  have  had  any 
considerable  usage.   None  of  these  may  be  considered  as  a  general 
preparative  method  for  amidines,  however,  and  for  this  reason  the 
advent  of  a  new,  apparently  general  method  is  of  considerable 
interest . 

II,  Preparation. — 

1.  From  nitriles  via  the  imino-ether  (l): 


HC1  NR       NH3   NK 
RCN  +  ROH  -*  Rft-OR-HCl  -»  Rfi-NHP-HCl 


2.  From  amides  via  the  amido-chloride  (2): 


0     PC13    CI     ArHH2   NAr 
RCNHAr   -*   R-C-NHAr   -»   R-ft-NHAr 

CI 


3.  From  nitrile  and  amine  in  the  oresence  of  sodium 
(3)  (5): 


Na   }JNa     K+    NH 
ArCN  +  ArNH2  -*  Ari-NH-Ar  -♦  Ar-C-NHAr 


4.  From  nitrile  and  ammonium-  or  amine- salt  of  a 
sulfonic  acid  (4)  (New  method): 


R,S03NH4 
or 

R'3C,H-R"NH: 


180-300 


7 


+  »cn 


IjfH 

R'SOaH'RC-NKg 


<      or 

NH 
iR'S03H,R-C-NHR" 


The  last  method  mentioned  above,  although  recently  developed 
and  as  yet  incompletely  explored,  appears  to  be  general  and  may 
be  used  for  the  preparation  of  any  amidine. 

Oxley  and  Short  (4)  have  proposed  a  mechanism  for  this  re- 
action which  involves  the  production  of  a  complex  anion  (I)  capable 
of  degrading  the  ammonium  ion  to  form  the  amidine  salt  of  the 
sulfonic  acid  (II). 


no 
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+  N  +  ^NHI     + 

RON    +   [R'SC3]    .[R"NH3]     £?  [R-ti  ]    [R"NH3]     ^[RrS03]    [R-C  ] 

CS02R'  NHR" 

(I)  (II) 

HI*  Amidines  as  carbazylic  acids. — Many  of  the  reactions  of 
araidines  . s  well  as  their  methods  of  preparation  may  be  better 
understood  by  reference  to  the  nitrogen  system  of  compounds  (5). 
In  this  system  amidines  are  considered  as  acids  (carbazylic  by 
analogy  with  carboxylic  in  the  oxygen  system),  and  their  reactions 
may  be  predicted  on  this  basis. 
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CLEAVAGE  CF  SOME  CYCLIC  ETHERS 


Introduction. --//lth  the  recent  availability  of  the  tetra- 
hydrofurans  and  the  tetrahydropyrans,  preparative  methods  utilizing 
these  compounds  have  assumed  new  importance.   Ring  fission  of  such 
compounds  provides  convenient  synthetic  methods  for  obtaining  ali- 
phatic substances  which  are  not  readily  accessible  by  any  other 
routes. 

Cleavage  with  HX. — The  usual  ether  cleavage  with  halogen 
acids  is  also  applicable  to  the  cyclic  etners.   This  reaction 
presents  a  most  useful  and  desirable  method  for  the  preparation  of 
1,4-  and  1,5-dihaliaes. 

Oxidative  cleavages. — Oxidative  scissions  do  not  often  make 
useful  preparative  methods  but  they  are  helpful  in  locating  ring 
substituents.   Hydrogenated  furans  generally  are  split  as  follows. 


+ 


KMnO. 


RCOOH   +  HOOC-COOH 


N>' 


-R 


However,  tetrahydrofuran  itself  produces  succinic  acid.   Tetra- 
hydropyran  is  readily  oxidized  to  ^lutaric  acid,  while  the  cc- 
alkylated  hydropyrans  are  oxidized  as 'follows. 


[0] 


V 


•R 


RCOCH   +  HC0C-(CH3)3-CC0H 


If  a  tetrahydro-^f-pyrone  structure  is  present  or  if  the  compound 
can  be  oxidized  readily  to  such  a  structure  the  split  occurs  a 
to  the  carbonyl. 


0 

e 


V 


+  HNC3  -*  H0CC-CH3-0-CH3-CH3-C00H 


Reductive  cleavage. --Kydrof urans  and  hydropyrans  both  can  be 
hydrogenated  over  Ft03  under  pressure  with  the  formation  of 
straight  chain  alcohols.   Hydrogenation  over  Raney  nickel  usually 
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does  not  open  the  ring.   If  the  hydrofuran  ring  has  an  a-alkyl 
sucstituent  hydrogenative  cleavage  produces  a  primary  alcohol. 

Cleavage  with  anhydrides  or  acid  chlorides. — The  ether 
lihkage  of  these  cyclic  ethers  is  opened  in  the  presence  of  acid 
anhydrides  with  the  formation  of  glycol  esters.   The  hydrogenated 
furans  react  much  more  reaciily  than  the  hydrogenated  pyrans. 


CH. 


(CH 


S/fi 


Ac3C 
3H-R    — >    AcO-(CH3)n+1-CH-R 
ZnCl2  6ac 


In  many  cases,  especially  with  the  pyrans,  the  acetate  of  the  sec- 
ondary hydroxyl  loses  acetic  acid  with  the  formation  of  the  un- 
saturated derivative.   If  an  acid  chloride  is  substituted  for  the 
anhydride,  chloroesters  are  produced. 

Straight  chain-ring;  equilibria. — Hydrofurans  and  hydropyrans 
which  contain  a  hydroxyl  group  in  the  a  position  are  internal  hemi- 
acetals  and  have  been  shown  to  exist  in  equilibrium  with  the 
straight  chain  aldehyde  or  ketone. 


HO- 


V  • 


Et 

y- 

Me 


OH 
Et-C-(CHs)-CHO 


Me 


Me 


H 


?v 


-CCMe 


Me-CC-(CH2)3-CH-CC-Me 

6h 


Strong  acid  solution  tends  to  force  the  equilibrium  to  the  right 
Reagents  which  react  with  the  open  chain  compound  drive  the  re- 
action to  completion  as  would  be  expected.   Some  useful  examples 
are  the  following. 


y\ 


V 


2   EtMsrBr        HoO 


■OH 


HO-(CH2)4-CH-Et 
OH 


/\ 


V 


-OH 


[0] 


KO-(CH2)4-CCOH 
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V 


CuCr02 
-OK     Ha 


KO-(CH3)5-OH 


These  are  good  preparative  methods  for  the  diols  and  Y  and  £ 
hydroxy  acids. 
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SYNTHESIS  OF  PHENANTHRENE  DERIVATIVES 
BY  CYCLIZATION 


Phenanthrene  derivatives  have  been  synthesized  by  the 
cyclization  of  olefin  oxide?,  glycol  ether?,  amino  alcohols, 
chlorohydrins,  glycol?,  ketone?,  acid?,  acid  chloride?,  amine?, 
oxalacetic  esters,  dibromides,  and  hydrocarbon?. 

The  olefin  oxide  method  of  ring  clo?ure  ha?  been  ?ucce??fully 
applied  to  the  preparation  of  many  phenanthrene  derivative?.   The 
synthesis  of  a  9-alkylphenanthrene  starting  with  an  aldehyde  and  2- 
biphenylmagnesium  Iodide  will  serve  to  illustrate  this  method. 


•<g3r 


+  RCKaCHO   -> 


CHOH   KKS04 
CH3R    -* 


mono  per- 

phthalic  acid 
> 


HBr 
— > 

KOAc 


y\ 


In  addition  to  aldehydes  the  above  reaction  has  been  applied  to 
unsymmetrical  ketones,  symmetrical  ketones  and  cyclic  ketones  in 
overall  yields  of  20  to  40^. 

The  olefin  oxide  method  has  been  applied  to  products  obtained 
by  the  diene  addition  to  a, -p- unsaturated"  ketones. 


~2~ 
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CH=CHCOC«H 


6^5 


R 


+  CH3=g-g=cHa 

R  R 


— > 


1.  .Keat   +    s 

2.  R'CHsLi        R-, 

3.  KKSOA 


OC«HR    — . 


4.  Epoxidation 

5.  HBr  +   HOAc 


by   ■ubrtiEu^^^^  °f    the   olef-  oxide 

in  .lace   of  water  an^S^fUti^SSS^d!   °f   alC°h01  ""   •"»***•* 


-Mgl 


CH3OCHPCN 


60£ 


* 


^\ 


__C0CR20CH, 


ArMgX 
* 


OH 
I 

-C-Ar 

c:-i2oce. 


ii 


e«H 


6JI5 


C0C-30C6K5 


ligSO^ 

or 
HBr   +  KOAc 


CH 

-C-C6H5 
CH2OC6H 


HBr   +   HOAc 


6^5 


84% 


-Ar 


r»  ^  ^ssJsrST  .sir  js^iiv^- of  54> 


phenanthrene  only  ohenanth 


rene  was  isolated. 


sopropyl- 
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Slmllarly,    9,    10-diphenyl-,    9-methyl,    10-phenyl-,    and  9-ethyl, 
10-phenylphenanthrene   were   obtained  in  yields   of    62,    72,    and  35$ 
respectively. 


C6H50H                   9C6K5    l.    0-C18HsMgI 
C6H5COCHX-R     f       C6H5COCH-R ^       9, 10-di substituted 


KoC  0. 


2.    K3r   +   HOAc 


Phenanthrene 


In   order   to   obtain  ohenanthrene   with  no  Tubstituents    in   the    9, 
10  position,    2-((J-methoxyaceto  )-biphenyl    (compound   II)  was   reduced 
with  aluminun   isopropylate   to   the    methoxy   carbinol   which   in  turn  was 
cyclized  to   phenanthrene   in  an  overall   yield  of   46$. 

In    the    synthesis   of    9-methylphenanthrene    (3-methoxy   carbinols, 
and   p-phenoxy  carbinols   gave   overall   yields   of    50   to   32a,    while 
chlorohydrins   and   amino   alcohols   gave  overall   yields   of   only    1    to 
10$.      {?-Phenoxy   carbinols  were   cyclized  by   the   Friedel  and  Crafts 
reaction   in   10$  yields. 

The  following   mechanism  has  been  proposed   for    the  cyclization 
of   methoxy  carbinols.      As  proof   of  the  proposed  mechanism  the 


OK 


CK30CH3 


1 


\    >-CHC6H5 

/      I 

CHO 


-C— C  eH 


6iA5 


CHOK 


V\-CaH 


'6"5 


+   HOH 


V 


V 


cyclization   of   ketones  and  isolation   of   ketone   intermediates  were 
attempted. 


OH 
I 

C0C6Hs 


SnCl 


Nai 


^\ 


V    ?HC6HB 


C0^6Ii5 


HBr 

HOAc 
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Ctmpound  V  was  al?o    isolated  from  the   conventional    p-phenoxy  carbinol 
reaction   and  identified. 

Glycols   were  also    cyclized.      Treatment   of  benzoin  with   2  moles 
of    2-biphenyl   magnesium  iodide   gave  a  glycol  which   was   cyclized  to 
9, 10-diphenylphenanthrene   in  an   overall   yield  of   29$   (calculated 
from  benzoin ) . 


Another  synthesis   of   phenanthrene    derivatives   involves  the 
cyclization  of   oxalacetic   ester  derivative  as   shown   below. 


R  =   {/> 


s 


S 


/ 


) 


1.    oxalyl 
RC02H  chloride 


2.  CE-N 


2^3 


^  RCOCHH2 


aquerous 
colloidal 


^       .,KCH3C02H 


Ag 


ethyloxatate 


on   the    ester 


-CHC02Et 
COCOpEt 


H3r 
HOAc 


\-C03H 


13<2 


67$ 


l;4,Dimethylphenanthrene   has  been  prepared  by   three  methods: 

(l)      Cyclization   by   means  of   phosphorus  oentoxide. 
R  =   H  or   CH3 


S   or    Se 


340-350 
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(2)      Pschorr  Reaction 


1.    CHpO  +   KC1 


CH^^V       VvCHa    2.    NaCN 


3.    HoSO 


2uw4 


-> 


(CH3)8C6H3C=CHC6H4NOa 
COaH 


FeSO. 


CH3C0aH 


NH.OH 


-) 


.nmyl 


nitrite 

~Cu      * 

HC1 


Cu 


ch,   >rzrx 


OH, 


/ 


(3)      Cyclization  of   an  acid  by  use  of  anhydrous  hydrogen    fluoride 


CH(CHa)8COaH        HF 

95^ 


1.  MeMgl  86^ 

2.  Pd-C     91$ 


CHa^\ 


A  mixture   of    zinc   chloride  and  acetic   anhydride  has  been   used 
for   cyclization   of  acids  in   yields   of    9C^.      Aluminum   chloride  has 
been   used  for  the  cyclization   of   acid   chlorides   in  good  yields. 


Phenanthren  has  been  prepared  by  the   following   methods. 
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CH8Br  CHaBr^% 
to 


\(CHa)3CK 


cyclohexyl   cycl  oheptyl  methane 
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PERIODATE   OXIDATIONS 


Periodic   acid  oxidation  has  been   considered  a    specific   reaction 
for    1,2-glycols,    a-aminoalcohole,    a-hydroxyaidehyd.ee,    a-hydroxyketone  s, 
and   1,2-diketonee;    a-nydroxyacids  are   slowly   oxidized,    if   at  all    (l). 

RCHOHCHOHR'    +   HI04       -*       RCHO      +     R'CKO      +      KI03      +   H20 

RCHOHCKNH2R»      +      HI04     -»    RCHO     +      R'CHO      +      HI03      +   NH3 

RCKOHCHO      +   HI04     ->    RCHO      +      HC02H      +   HI03 

RCHOHCOR'      +   HI04     -»    RCHO      +   R'C02H      +      HI03 

RCOCOR'      +      HI04      +      H50     -»    RC02H     +      R'C02H      +      HI03 

RCHOHC02H      +      HIO4     -»    RCHO      +    C02      +    HI03      +      H20 

However   recently   it  has  been    shown  that   certain   a-ketoacids    (2,3), 
active   methylene   compounds    (2,3),    enediols    (2,3),    phenols    (4),    and 
aromatic   amines    (4)   are   readily   oxidized  by  periodate   in  aqueous 
solution  at  room   temperature   using   one   to   two   times  the   theoretical 
amount  of    oxidant  required  for  complete   oxidation. 

Oxidation   of   a-ketoacids    (2,3). 

Only   three   a-ketoacids,    glyoxylic   acid,    mesoxalic   acid,    and 
oxalacetic   acid,    are   readily   oxidized  by   periodate.      Pyruvic   acid, 

OHCCOaH     +      HI04       ->       HC02H      +      C02      +      HI03 

H0gCC0C02H  +  HI04  -*    H02CC02H      +   C02     +   HI03 

HI04  further 
H02CCOCK.cC02H     +     HI04     -*    SO^      +      HI03      -h  HOgOCKaCOgH     -*  oxidation 

a-ketobutyric   acid,    and   a-ketoglutaric   acid  are  oxidized  very   slowly. 

p-Hydroxy-a-ketoacids   such  ae  hydroxypyruvic  acid,    p-hydroxy- 
c-ketobutyric   acid,    and  2-keto-d(l )-gluconic  acid  are    oxidized,    but 
the    a-ketoacid    structure    is    destroyed  by   the  preferential    oxidation 
as  an   a-hydroxyketone. 

HOCH2COC02H      +   HI04     -*     HCHO      +      H02CC02H     +    KI03 

Compounds   of    other   types  which  would  be   expected   to   give 
a-ketoacids  during  periodate   oxidation   have  'oeen   investigated.    It 
Is   feasible    to   write   either  glyoxylic   acid    or   mesoxalic    acid   ar  an 
intermediate   for    the    following   compounds:      mucic  acid,    d~ saccharic 
acid,    dl-serine,    dl-threonine,    glyceric   acid,    tartaric   acid, 
d-gluconic   acid,    5-keto-d-gluconic   acid,    d-glucuronic  acid,    d- 
fructose,    1-sorbose,    meeo-inosoee,    dipotassium  rhodizonate,    and 
dipotassium  croconate. 
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H02C(CHOH)4C02H     +    3HI04     -+     2H02CCH0     +    2HC02H      t   H20     +   3HI03 

H02CCHO     +   HI04     -*    HC03K     +   HIC3 

The   oxidation  of   triketohydrindene  hydrate   if   particularly   interesting 
since   it    indicate?   that    p-phenyl-oc-ketoacids  are  not  oxidized. 


'C(OH)2     +     HI04 


^VCOCOgH 

^       U-C03H 


HIO. 


The   importance   of    experimental   conditions   if    demonstrated  by 
the   oxidation   of  tartaric   acid.      In   dilute ,   weakly   alkaline    solution 


K02C(CHOH)2C02K      +      HIO, 
2H02CCH0      +      2HI04 


->     2H02CCK0      +      HIO3      +      H20 
2C02      +      2HC02K     +      2HI03 


containing  a  moderate   exceee  of   periodic   acid,    tartaric  acid   consumed 
almort    3  moles   of   periodate   and  liberated  2  moles   of  carbon  dioxide 
at   room   temperature   in   20-30   minuter.      Even  with    less   than    the 
theoretical  amount    of    oxidant    rapid  oxidation   occurred.      In  dilute 
acid    solution   intermediate   effects  were   noted,    and  in   strong  acid 
solution   or  at    5°C.     the   secondary   oxidation   was   considerably  reduced. 

Oxidation   of    certain  active   methylene    compounds    (2,3). 

The  active  methylene    group   of  certain    p-carbonyl   compounds 
is    oxidized  by  periodate   to   a   hydroxyl   group.      Subseouent  oxidation 

CH3C0CH2C02K      +      HIO4     -*     CH3C0CH0HC02H      +      KI03 

CH3COCHOHC02H     +      2HIC4     ->     CK3C02H  +   HC03H     +   C02      +      2HI03 

follows  conventional  routes. 

The   configuration   necessary   for   this    type   of   oxidation   is   a 
three   carbon    system  consisting   of   a  free   carboxyl   or  aldehyde   group, 
an  a-carbon  bearing  at  least   one   hydrogen  atom,    and  a    p-carbonyl  which 
may  be  part  of   an  aldehyde,    ketone,    carboxyl,    carbalkoxyl,    or 
similar  activating   group, 

Malonic   acid  has  been   extensively   investigated.      The  primary 
oxidation  product   is    tartronic    acid.      This   is   oxidized  further, 

K02CCH2C02H     +      HI04     ->     H02CCH0HC02H      +      HI03 

mainly   to   formic  acid    and   carbon   dioxide,    but   a    small   amount   is 

H02CCK0HC02K     +   HI04     ->     0HCC02H      +      C02      +      HI03 

0HCC02H      +    KI04     -*     HC02H      +   C02      +   HI03 
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oxidized  by  either  iodate  or  period?te  to  mesoxalic  acid,  which 
yields  carboh  dioxide  and  oxalic  acid.   Monoethylmalonate,  and 

H02CCH0HC02H  +  HI04  -*  H02CC0C02H  +  H20  +  HI03 

H02CCOC02H  +  HI04  -»  H02CC02H   +   C02 

a-ethylmalonic  acid  also  are  oxidized,  but  diethylmalonate, 
cyanoacetic  acid,  ethylcyanoacetate,  ethylacetoacetate,  acetylacetone , 
and  ethyloxomalonate  do  not  react. 

A  number  of  compound?  which  would  be  expected  to  yield  an  active 
methylene  compound  with  the  necessary  configuration  during  periodate 
oxidation  were  also  investigated.   In  each  of  the  following  compounds 
it  is  plausible  to  write  an  active  methylene  compound  as  an  inter- 
mediate:  malic  acid,  digitoxose,  oxalacetic  acid,  citric  acid,  1,4- 
anhydrosorbitol,  5-keto-d-gluconic  acid,  and  d-glucuronic  acid. 

H02CCHOHCH2C02H   +   HI04   -»   OKCCH2C02H  +  C02   +  K20  +  HIC^ 

OHCCH2C02H  +   HI04  ->  OHCCHOHC02H  +   HIC3 

OKCCHOHC02H  +   2KI04  ->  2HC02H  +  C02   +   2HI03 

Oxidation  of  enediols  (2,3). 

Apparently  periodate  oxidizes  enediols  to  ct-diketone  s .   Further 
oxidation  proceeds  as  usual  for  a-diketones.   Dihydroxymaleic  acid, 
dipotassium  rhodizonate,  and  dipotassium  croconate  are  compounds 
which  undergo  this  type  of  oxidation. 

H02CCOH=CCKC02H  +   HI04  -»  H02CGOCOC02H  +  H20  +  HI03 

H02CCOCOC02H   +   HI04   +   K20  ->  2H02CC02H   +   HI03 

Oxidation  of  phenols  and  aromatic  amines  (4) . 

Certain  phenols  and  aromatic  amines  with  a  critical  oxidation 
potential  of  1.04  or  less  are  oxidized  by  periodic  acid,   ^hese  are 
resocinol,  p-cresol,  (r^-naphthol,  5-chlor ovanillic  acid,  guaiacol, 
vanillic  acid,  vanillyl  alcohol,  cresol,  phloroglucinol,  a-naphthol, 
ferulic  acid,  catechol,  hydroquinone,  p-aminocinnamic  acid,  and 
p-anisidine.   Acetylvanillic  acid  does  not  react.   Phenol  and 
vanillin  have  a  critical  oxidation  potential  larger  than  1.04  and 
also  do  not  react . 

There  is  no  direct  relationship  between  the  magnitude  of  the 
critical  oxidation  potential  and  the  rapidity  and  extent  of  oxidation. 
For  examole  phloroglucinol  which  has  a  critical  oxidation  potential 
of  0.799  volts  consumes  0.5  mole  of  periodate  slowly,  while  guaiacol 
at  0.863  volts  consumes  3  moles  rapidly.   Evidently  a  phenolic 
hydroxyl  group  must  be  unsubstitut ed  since  vanillic  acid  is  oxidized 
but  acetylvanillic  acid  is  not. 
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The  nature  of  the  oxidation  is  not  known.   Attempts  to  isolate 
definite  product?  from  the  oxidation  of  vanillic  a.cic"Xand  ferulic 
acid  were  unsuccessful.   However  since  many  of  the  compounds 
consumed  3  or  more  moles  of  the  oxidant  it  is  assumed  that  the 
aromatic  nucleus  is  attacked. 
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REVERSIBLE  REDUCTION  OF  PYRIDINES 


!•  Introduction. — When  quaternary  pyridinium  derivatives  are 
partially  reduced,  a  yellow  bimolecular  reduction  product  is  form- 
ed, then  the  dihydropyridines.   This  reversible  reduction  has  been 
identified  with  one  step  in  the  oxidation  reduction  processes  in 
the  human  body.   The  bimolecular  reduction  product  has  recently 
been  used  in  the  synthesis  of  4-alKylated  pyridines. 

Some  simpler  derivatives  of  pyridine  were  studied,  and  an 
analogy  shown  between  their  behavior  and  that  of  the  codehydro- 
genase  molecules  known  to  contain  a  nicotinamide  molecule  in  a 
quaternary  pyridinium  union  with  a  ribose  residue.   The  compounds 
studied  were : 


R 

ft 

=H 

H 

COpEt 

Et03C-T^\-C02 

Et 

Me 
Et 

Et02C,^\-CO; 

2Et 

H--^\C02Et 

i-Pr 

1 

1 
i 

H3C 

L      ll-CHa 

0 
Furyl 

H3C 

V 

CH3 

H3C 

+ 

CK3 

H 

H  (or  CH3) 

II.  Experimental. — A  study  was  made  of  the  preparation  and 
properties  of  the  dihydropyridines.   In  the  reduction,  the  quater- 
nary nitrogen  was  changed  to  a  tertiary  nitrogen,  fixing  the  place 
of  entry  of  one  hydrogen  atom  at  the  nitrogen.   In  only  two  di- 
hydropyridines is  this  possible.   They  are: 


H  H 


H 


a-dihydro 


S'-dihydro 


It  is  then  necessary  to  determine  the  place  of  entry  of  the  second 
hydrogen  atom. 
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Preparation  of  dihydropyridines: 
A.  a-dihydro 
1.        R 

EtOsC.^  \.C02Et 


HaC 


Vw 3 

Cri3  SO4CH3 


dil.      EtC3C 
NaOH 


6= 


C02Et   [K]   EtOsC/%C02E 


CH3 


2. 


v 


\ 


w 


^N/ 


/ 


^s 


H  H 


H 


[H] 


B.  *--dihydro 


1. 


ROOCC 

! 

c 


N 


CH3 
CH 


/NXo 


H,C 


H-CCOOR 

I! 

/   VCH3 


— > 


H  CH3 

Y 

ROOC/'  XCCOR 


Ho  C 


3^  k 


H 


CK. 


2,  3,  4.  By  thermal  or  acid  disproportionation  of  tetra- 
hydrodipyridyls;  by  Na'Hg  reduction  of  the 
pyridine  dimethyl  sulfate  addition  product;  by 
hydrogenation  of  the  pyridine  with  Wislicenus 
activated  aluminum  as  a  catalyst. 


Properties : 
A. 


a-dihydrc:  1.  yellow  color;  2.  greenish-yellow,  white, 
or  negligible  fluorescence;  3.  more  basic  than  other 
isomer;  4.  stronger  reducing  agent;  5.  takes  up  first 
two  atoms  of  hydrogen  rapidly  on  catalytic  reduction, 
last  two  slowly;  6.  usually  not  crystalline. 


B.  T-dihydro:  1.  colorless;  2.  blue  fluorescence;  3.  weak 
base;  4.  negative  reducing  action;  5.  takes  up  first 
two  atoms  of  hydrogen  slowly  on  catalytic  reduction, 
last  two  rapidly;  6.  usually  crystalline. 


\ 
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The  structure  of  the  compound  obtained  was  proved  by  the 
method  of  preparation  and  the  reaction  of  maleic  anhydride  in 
Diels-Alder  with  the  a-dihydro  and  not  with  the  $*. 


°* 


0. 


s 


C-CH 


/X 


C-CH 


c 


c-c 


x^ 


7CK2 


x 


0^ 


c-c 


To  determine  the  point  of  entry  of  the  second  hydrogen  atom, 
N-methyl-a-dihydro-dimethyl   cinchomeronic  ester,  where  two  iso- 
meric structures  are  possible,  was  reacted  with  phenyl  isothio- 
cyanate.   One  isomer  should  react  and  ring  close,  the  other 
should  react  and  not  ring  close. 


H- 


C02Et 
^\CC2Et 
CH3 


H3C  CH3 


0NH 
S=C 


CC3Et 
<^\cOsEt 

Ch  3 


H3CK 


C02Et 


v^C03Et 
H 


^Y  "CH3 
CH3 


C02Et 


H,C 


s 


N-0 
CH,g 


II 


The  structure  is  I,  because  ring  closure  is  not  obtained. 

The  bimolecular  intermediate  has  the  same  color,  reducing 
properties,  and  fluorescence  as  the  a-dihydro  compound,  and  is 
converted  to  the  a-dihydro  on  further  reduction.   When  there  is 
a  hydrogen  on  the  s~  carbon,  the  primary  dipyridyl  is  converted 
to  an  isomer  on  heating.   This  isomerization  fails  when  the 
^-carbon  is  substituted.   The  suggested  explanation  is: 


/%, 


-N/ 


VL 


H  H 


^\ 


J\ 


i 

H 


\^ 


V7 

H 


CH 
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III.  Conclusions. — In  the  reduced  codehydrogenases,  the 
nicotinic  acid  amide  portion  of  the  molecule  has  the  structure 


C 
^CNH 


H3C 


w 


The  yellov/  intermediate  in  the  reduction  of  cozymase  is  probably 
a  tetrahydrodipyridyl. 

Much  of  this  chemistry  is  involved  in  a  recent  synthesis  of 
4-alkylated  pyridines. 


V 


(CH3C0)80 
Zn 


n 

CH,CT\T 


\  -  . 


HK 


Q     1 


/ 


X 


CHoCN^ 

L 


J  l  >  \j  rl « 


NCCH 


^S 


-} 


J 


+ 


\f 


Zn 
.j,  CH3CCaH 


C8HS 


/% 


w 


This  procedure  has  been  applied  to  other  4-al-;:ylated  pyridines. 
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TRIMERIZATICN  OF  ACTIVE  METHYLENE  COMPOUNDS  TO 
sym-TRISUBSTITUTED  BENZENES 

The  self-condensation  of  three  molecules  of  an  active  methyl 
or  methylene  compound  to  form  a  symmetrically  substituted  benzene 
has  been  used  in  a  number  of  cases  to  prepare  these  compounds.  A 
survey  has  been  made  to  determine  the  usefulness  of  this  reaction 
as  a  synthetic  method. 

I.  Condensations  by  Acids. 

Condensations  which  are  brought  about  by  acids  proceed  through 
three  successive  aldol  reactions,  the  last  of  which  is  an  intra- 
molecular one.   The  intermediates  in  this  process  have  been  isolated 
in  a  number  of  instances. 

A.  Alkylated  Benzenes. — The  simplest  example  of  this  reaction, 
the  self-condensation  of  acetaldehyde  to  form  benzene,  has  not  been 
realized.  Acetone,  however,  readily  forms  mesitylene  with  sulfuric 
acid;  this  is  the  standard  preparation  of  this  compound  (l). 

1 ,3, 5-Triethylbenzene  has  been  prepared  in  low  yield  by  the 
action  of  sulfuric  acid  on  methyl  ethyl  ketone  (2).   If  crotonylene, 
CH3C=CCH3,  is  shaken  with  sulfuric  acid,  hexamethylbenzene  is  form- 
ed; methyl  ethyl  ketone  is  also  obtained  (3). 

The  reaction  has  been  used  to  synthesize  symmetrical  poly- 
cyclic  compounds.   The  preparation  of  dodecahydrotriphenylene  from 
cyclohexane  in  10$  yield  is  one  example  (4);  another  is  the  re- 
action of  cyclopentanone  with  itself  to  form  triscyclotrimethylene- 
benzene  (5). 


Truxene,  tribenzylenebenzene,  has  been  prepared  by  the  self- 
condensation  of  both  a-hydrindone  (6)  and  phenylpropionic  acid  (7). 
There  is  no  record  of  the  use  of  £-hydrindone  or  the  tetralones  in 
this  connection. 

B.  Arylated  Benzenes. — The  preparation  of  sym-triphenyl- 
benzene  from  acetophenone  (8)  has  been  extended  to  various  sub- 
stituted acetophenones  by  Bernhauer,  Muller  and  Neiser  (9)  . 
These  authors  found  that  an  o.,p-directing  group  in  the  ring 
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hinders  reaction,  while  a  m-director  facilitates  it.   They  also 
attempted  to  prepare  hexaphenylbenzene  from  desoxybenzoin,  but 
obtained  tetraphenylfurane  instead. 

C.  Acylated  Benzenes. — Acetylacetaldehyde  cannot  be  isolated 
as  such;  it  condenses  spontaneously  to  sym-triacetylbenzene  in 
40-50%  overall  yield  (10).   sym-Triproplonylbenzene  (11)  and  sym- 
tribenzoylbenzene  (12)  have  been  made  similarly,  but  in  low  yield. 

More  complicated  molecules  can  be  synthesized  in  this  fashion 
(13,  14);  the  preparation  of  tribenzoylenfebenzene,  for  example,  can 
be  accomplished  by  the  use  of  any  of  several  compounds  (15). 

D.  Other  Substituted  Benzenes. — Malonaldehyde  has  been  pre- 
pared (16) ,  but  there  is  no  mention  of  its  cyclizing  to  sym- 
benzenetrialdehyde . 

Nitromalonaldehyde  on  standing  gives  a  20-24%  yield  of  1,3,5- 
trinitrobenzene  (17). 

NO  a 

/CHO 
3   02N-CH     -+ 

xCH0     OpNL   'INC 


+  3  HCOOH 


The  preparation  of  the  triethyl  ester  of  trimesic  acid  by 
the  spontaneous  self-condensation  of  formylacetic  ester  also  il- 
lustrates this  type  of  reaction  (18). 

II.  Condensations  by  Bases, 

The  only  base-catalyzed  trimerization  to  form  aromatic  nuclei 
is  the  formation  of  sym-triphenylbenzene  from  acetophenone.  Under 
these  conditions  the  reaction  takes  a  unique  and  interesting  course. 

After  discovering  in  1888  that  acetophenone  condensed  with 
itself  in  the  presence  of  potassium  ethoxide,  Delacre  began  an  in- 
vestigation of  the  structure  of  the  intermediate  compounds  (19). 
By  the  action  of  alkali  on  acetophenone  he  obtained  £-methylbenzal- 
acetophenone  or  dypnone.   This  could  be  transformed  into  1,3,5- 
triphenylbenzene  as  follows. 


■    i 
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dy.pnone    (I) 

base 

"dypnopinacone" ( II) 
(5   isomers) 


-Ha0 


acid 
"dypnopinacoline" (III)  — >  "dypnopinalcolene" 
(9  isomers)         or  (IV) 


alkali 


V 

sym-tri  phenylbenzene 
+ 
acetophenone 


mild 
oxidation 


sym-triphenyl- 
benzene 


The  structural  formulas  of  these  compounds  were  not  known 
until  1945,  when  Ivanov  and  Ivanov  obtained  "dypnopinacone"  by  the 
self-condensation  of  dypnone  in  the  presence  of  phenylmagnesyl- 
sodium  acetate,  C6H5CH(MgCl)CCONa,  and  became  interested  in  the 
problem  of  its  structure.  They  were  able  to  show  (20)  that  the 
condensation  consisted  of  a  Michael  reaction  followed  by  a  ring 
closure. 


9*3  0  .   <?h3   p 

C6H5-C-CH-C-C6H5        C6H5-C-CH3-C-C6H5 

base  base 


CH3  0 
CgHg-C— CH-C-C  6Hg 

gHa  q 

Cciic-  C— Cii—  C— CeH 


6^5 


C6K5-C-CH-C-C6:-:5 


J     fi 


C6H5    CH3 


CfiH 


6^5- 


C0CKH 


6iA5 


-OH 


On  this  basis  the  other  compounds  were  assigned  the  following 
structures. 
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"dypnopinacoline" 
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sym-triphenylbenzene 
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These  authors  considered  the  various  isomers  of  II  and  III 
to  be  either  cis-trans  isomers  or  polymorphic  forms. 
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CARCINOGENIC  NITROGEN  COMPOUNDS 
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In  the  hydrocarbon  series,  1, 2,5, 6-dibenzanthracene,  3,4- 
benzpyrene,  and  methylcholanthrene  are  particularly  effective. 
Cholanthrene,  5,10-dimethyl-l, 2-benzanthracene,  and  10-methyl- 
1, 2-benzanthracene  are  also  active,  so  that  it  appears  that  10- 
substitution  is  effective  in  the  1, 2-benzanthracene  structure,  the 
parent  hydrocarbon  being  completely  inactive.   The  investigation 
of  similar  benzacridines  has  been  carried  out  by  Buu-Hoi  and  co- 
workers. 

The  Bernthsen  reaction  affords  5-substituted  benzacridines. 
Thus  N-pseudocumyl-a-naphthylamine  heated  with  zinc  chloride  and 
acetic  anhydride  gives  5, 6,7,9-tetramethyl-l, 2-benzacridine,  which 
has  been  found  to  be  slowly  active  to  give  epithelioma  (l). 


N 


(CH3CO)20 
ZnCl2 


-V/ 


CH3 


CH. 


CH,  CH. 


The  corresponding  |5-naphthylamine  gives  5, 6,7, 9-tetramethyl- 
3,4-benzacridine,  which  is  also  active.   The  amines  required  for 
these  syntheses  are  conveniently  prepared  by  heating  the  naphthol 
and  substituted  aniline  with  iodine  at  200-210°,   However,  the 
Bernthsen  reaction  on  the  appropriate  amines  gave  2',5,9-tri- 
methyl-3,4-benzacrldine,  2' ,5, 8-trimethyl-3,4-benzacridine,  8- 
chloro-5-methyl-3,4-benzacridine,  and  9-chloro-5-methyl-3,4- 
benzacridine,  all  of  which  were  inactive.   Similar  results  were 
obtained  with  compounds  which  are  similar  to  active  meso  substi- 
tuted anthracenes.   Both  3,  5,  7-trimethylacridine  from  di-£-tclyl- 
amine  and  5-methyl-3 ,4, 6, 7-dibenzacridine  from  p , £-dinaphthylamine 
proved  to  be  inactive.   In  general  then,  replacement  of  carbon  by 
nitrogen  results  in  diminution  cr  less  of  activity.   A  compound 
which  approaches  methylcholanthrene  in  activity  is  5, 8-dimethyl- 
1, 2-benzacridine,  prepared  from  N-m-tolyl-a-naphthylamine  in  the 
same  manner  (2).   The  3,4-benzacridine  from  the  £-naphthylamine  is 
feebly  active  at  best. 
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The  absence  of  a  methyl  group  in  the  5-  position  may  result 
in  inactivity.   2  '-Methyl-1, 2-benzacridine  i.s  inactive.   It  may 
be  prepared  by  means  of  the  Pf itzinger-Borsche  reaction,  employing 
7-methyl-l-tetrolone  and  potassium  isatate  (1,3). 


CH3 


0  H*N 


CH3 


CaHKOH 


2^5 


^  N^ 


^> 


C03K 


distill 


^\A/ 


chloranil 
or  PbO 


Substitution  in  the  7-  position  is  still  ineffective  and  7- 
methyl-1, 2-benzacridine  is  inactive.   It  was  prepared  from  N-as- 
m-xylyl-a-naphthylamine  by  cyclodehyurogenation  over  lead  oxide 
at  elevated  temoeratures. 
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7-Bromo-2 '-methyl-3 ,4-benzacridine  and  the  corresponding  chloro 
compound,  prepared  by  the  Pfitzingcr  reaction,  were  also  found  to 
be  inactive. 


Similar  results  were  obtained  in  an  attempt  to  find  active 
analogues  of  3 '-methyl-1,  2,  5,6-dibenzanthracene*.   The  Ullmann- 
Fettvadjiian  reaction,  using  6-methyl-2-naphthol,  a-naphthylamine, 
and  trioxymethylene  pave  the  inactive  3 ' -methyl-1 , 2, 6, 7-dibenz- 
acridine . 
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ity  may  not  te  as  uninteresting  as  it  may  seem, 

compounds  show  the  unusual  property  of  inhibiting 
ffect  of  very  active  compounds.   For  instance, 
ethyl-1, 2-benzacridine  retard  the  effect  of 
if  applied  at  the  same  time  (5).   Supposedly 
to  competition  between  the  two  similarly  con- 
for  position  on  the  so-called  cell  "receptors." 
this  action  is  demonstrated  by  the  fact  that 
, 10-dimethyl-3,4-benzacridine  and  7,9,11-tri- 
idine  had  no  retarding  action  but  indeed  were 


In  another  series  of  nitrogen  compounds,  1,2-benzcarbazole  has 
pronounced  carcinogenic  properties  (4).   It  is  believed  that  this 
compound  is  responsible  for  the  erroneous  reports  of  activity  in 
a  number  of  hydrocarbons.   However,  N-alkylation  destroys  this 
activity.   The  methyl,  ethyl,  and  propyl  derivatives  were  pre- 
pared by  treatment  of  the  sodium  salt  of  benzcarbazole  with  an 
alkyl  halide  (1).   3,4,5, 6-Dibenzcarbazcle  produces  sarcoma  in 
mice  (6) . 

Another  series  of  nitrogen  compounds  which  exhibit  carcino- 
genic activity  contain  the  azo  group.   Butter  yellow  has  been 
recognized  in  this  connection  for  some  time. 


(CH3)aN 


/ 


N=N 


cs 


Substitution  in  the  benzene  ring  of  this  compound  has  interest- 
ing effects.   A  para  methyl  group  causes  little  change  in  activity, 
but  both  the  2,4-dimethyl-  and  3,4-dimethyl-  compounds  are  in- 
hibitors (7).   The  azotoluenes  are  also  active,  4-amino-2,3 '-azo- 
toluene  being  even  more  carcinogenic  than  butter  yellow,  which  is 
more  effective  than  4' -hydroxy-2,3r-azotoluene  and  2,3'-azo- 
toluene  (8).   Some  alarm  has  been  expressed  at  the  use  of  such 
azo  dyes  as  food  colors. 
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A  NEW  METHOD  OF  DISTINGUISHING  COLORLESS  COMPOUNDS 
IN  CHROMATOGRAPHIC  ADSORPTION 

The  techniques  of  chromatographic  adsorption  are  applied  to 
colorless  as  well  as  colored  compounds.   However  it  presents  the 
problem  of  locating  the  zones  of  adsorbed  material.   In  general 
"the  methods  used  may  be  classified  as  follows: 

1.  Empirical  method 

2.  Use  of  indicators 

a.  bursh  technique 

b.  internal  indicators 

c.  miscellaneous 

3.  Adsorption  of  colored  derivatives 

4.  Detection  under  ultra-violet  light. 

A  new  method  had  recently  been  reported  which  appears  to  be 
more  generally  applicable  than  the  above: 

5.  Adsorption  on  a  fluorescent  adsorbent. 

In  the  empirical  procedure  the  column  is  extruded  and  cut 
arbitrarily  into  sections.   Each  section  is  elated  and  the  result- 
ing fractions  are  studied.   Using  this  method  Cassidy  (l)  suc- 
ceeded in  separating  palmitic  and  stearic  acids,  which  were 
identified  by  melting  point  after  evaporation  of  the  solvent. 
'.Yalker  and  Mills  (2)  applied  it  to  the  study  of  the  glycerides  of 
linseed  oil.   The  unsaturated  fractions  of  oleic,  linoleic  and 
linolenic  esters  were  distinguished  by  their  iodine  numbers. 

The  brush  technique  involves  extrusion  of  the  column,  fol- 
lowed by  painting  a  thin  streak  of  indicator  lengthwise  on  the 
column.   The  spots  where  c61oration  occurs  mark  the  zones  of  ad- 
sorbed material.   Zechmeister  and  coworkers  (3)  located  oc-naoh- 
thylamine  adsorbed  on  calcium  hydroxide  by  use  of  a  solution  of 
sodium  nitrite  and  sulfanilic  acid  which  caused  a  red  coloration 
to  appear.   The  following  separations  were  also  carried  out; 
a-naphthylamine  and  benzidine,  a-cyano  cinnamamide  and  £-furfuryl- 
acrylamide  using  potassium  permangante  solution,  els-  and  trans- 
stilbene  using  permanganate  solution,  and  cis  and  trans  benzoin 
oxime  as  well  as  the  anisoin  oximes  using  an  ammoniacal  solution 
of  copper  sulfate  (4,5).   A  zone  of  dimethyl  glyoxime  adsorbed  on 
calcium  hydroxide  was  located  with  a  nickel  sulfate  solution,  and 
Schiff  reagent  was  used  to  detect  benzaldehyde.   '.Volfrom  and 
coworkers  (6,7)  applied  the  brush  technique  to  sugars  and  related 
polyhydroxy  compounds  using  potassium  permanganate  to  locate  the 
zones  of  adsorption.   They  thus  separated  d-glucose  from  sorbitol, 
d-mannitol  from  dulcitol,  sucrose  from  raffinose,  d-galactose 
from  JL-rhamnose,  and  a  mixture  of  a-d-galacturonic  acid,  d-galac- 
tose, d-glucose,  d-xylose,  and  JL-rhamnose. 

In  come  cases  a.  small  amount  of  indicator  is  adsorbed  uni- 
formly on  the  adsorbent  prior  to  adsorbing  the  materials  to  be 
separated.-  This  internal  indicator  method  was  used  by  Graff  and 
Skan  (8)  to  separate  stearic  from  oleic  and  stearic  from  myristic 
acids.   The  adsorbent  was  magnesium  oxide  impregnated  with  ohpnol- 
phthalein.   Martin  and  Syng  (9,10)  reported  a  micro-analytiCc'.-.l 
method  for  determining  amino  acids,  using  silica  gel  impregnated 
with  methyl  orange.   Elsden  (ll),  using  bromocresol  green  as  an 
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indicator,  separated  a  mixture  of  formic,  acetic,  pronionic,  n- 
butyric  and  n- valeric  acids.   Sylvester  and  coworkers  ( 12 )  used 
bromothymol  blue  on  alumina  to  separate  fatty  acids  from  unsanoni- 
fiable  oils. 

Dyes  may  also  be  used  in  conjunction  with  other  chromato- 
graohic  methods.  Bergdall  and  Doty  ( 13 )  eluted  a  chromato^ram 
of  lysine,  histidine  ana  arginine  into  several  fractions.  The 
acids  were  determined  in  each  fraction  by  specific  aye  tests. 

Compounds  to  be  separated  are  frequently  converted  to  colored 
derivatives  which  are  then  chromatographed.   Strain  (14)  first 
apolied  this  method  to  the  2, 4-dinitrophenylhydrazones  of 
£-ionone  and  camphor  as  well  as  geronic  acid  and  levulinic  acid. 
Ladenburg  and  coworkers  (15)  separated  cholesterol,  stigma  sterol 
and  ergosterol  by  means  of  their  jD-azobenzenemonocarboxylic  acid 
esters.   Reich  (16)  and  Coleman  (.17 )  used  the  same  acid  to 
separate  sugar  esters.   The  sodium  salts  of  cholic  and  desoxycho- 
11c  acids  form  esters  with  6j-bromo-jD-methylazobenzene,  which 
esters  have  been  sepa.rated  by  adsorption  on  magnesium  carbonate. 

Many  compounds  which  are  colorless  in  daylight  fluoresce 
under  ultra-violet  light.   Thus  the  adsorbed  zones  of  such  com- 
pounds may  be  observed  by  exposing  the  column  to  ultra-violet. 
This  method  is  called  Ultrachromatography.   7/interstein  and  co- 
workers (19)  separated  carbazole,  naphthacene  ana  anthraquinone 
from  presumably  pure  anthracene.   Similarly  1,2  cenzcarbazole 
and  naphthacene  were  separated  from  "oure"  chrysene.   Karrer  and 
Nielson  (20)  and  l^ter  Krasnova  (21)  studied  the  ultrachroma- 
tographic  separation  of  cinchona  alkaloids.   Quinine  and  cin- 
chonine* were  thus  separated.   It  has  been  aoolied  also  to  choles- 
terol and  ergosterol.   Nitro-substituted  benzenes  pnd  naohthylenes 
(22)  as  well  as  trj.-  and  te tramethylglucose  (23)  have  been  separ- 
ated by  this  means. 

Recently  Brockmann  and  Volpers  (24)  reported  a  new  method 
which  should  find  more  general  application  than  the  techniques 
mentioned  above.   It  is  based  upon  the  fact  that  most  compounds 
absorb  light  rays  in  the  ultra-violet  region.   Thus  if  an  rasor- 
bent  is  used  which  fluoresces  in  the  ultra-violet,  the  fluores- 
cence will  be  uartially  or  completely  quenched  by  compounds  a'd- 
sorbed  on  its  surface.   A  "negative  chroma togram"  will  aooear  in 
which  the  zones  of  adsorotion  are  seen  as  dark  regions  on  a. 
bright  background. 

Aluminum  oxide  is  known  to  fluoresce  under  ultra-violet  light 
when  activated  by  small  amounts  of  titanium  dioxide,  olatinum  or 
manganese  (25).   Alumina,  impregnated  with  diiohenylf luorindinesul- 
phonic  acid,  salicylic  acid  or  the  dye  morin  were  found  to  cause 
the  same  effect.   Of  these,  morin-alumina  was  the  most  suitable 
adsorbent.   It  showed  a  bright  yellow  fluorescence  and  had  no 
effect  on  the  adsorption-ability  of  the  alumina. 

The  method  was  found  to  be  successful  in  the  seoaration  of 
musk  ketone,  musk  ambrette  and  xylene  musk.   The  following  mix- 
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tures  were  also  separated  using  this  technique:   vanillin  and 
piperonal,  cinnamaldehyde  and  benzaldehyde,  jD-dimethylaminobenz- 
aldehyde  and  benzaldehyde,  mesityle  oxide  and  phorone. 

Other  suitable  adsorbents  are  berberlne  on  silicic  acid  and 
calcium  carbonate  or  magnesium  oxide  impregnated  with  morin  or 
di phenyl fluorindine sulfonic  acid. 

Brockmann  and  Volpers  found  the  technique  to  be  effective  for 
compounds  which  absorb  light  in  the  range  250-400  m/f',  which  should 
make  it  suitable  for  most  colorless  compounds. 
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THE  USE   OF    QUATERNARY   MANNICH    SALTS    IN    SYNTHESIS 


on 


Dimethyl  phenyl  benzyl  ammonium  chloride  (la)  and  the 
quaternary  salts  of  Mannich  Bases  (lib)  are  the  only  quaternary 
ammonium  salts  which  have  teen  used  successfully  in  the  alkylati 
of  active  methylene  compounds  (1-14).   Mannich  Bases  and  their 
cuaternary  salts  decompose  to  form  unsaturated  compounds  which  can 
undergo  the  Michael  Condensation  in  the  presence  of  strong  bases. 
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Benzylation  with  (la)  probably  occurs  via  the  cartonium  ion 
(lb)  (9).   A  similar  ion  may  be  the  active  alkylating  agent 
formed  from  quaternary  Mannich  Salts.   The  free  Mannich  Bases 
have  also  been  used  in  this  method  of  alkylation  (15-17). 

1.  Scope. — The  scope  of  this  method  of  alkylation  is  not 
known,  but  probably  any  substance  with  the  general  structure  (lib) 
could  be  used.   The  Mannich  Reaction  (19)  provides  a  convenient 
synthesis  of  compounds  of  type  (Ila)  from  compounds  with  active 
hydrogen  atoms,  formaldehyde  and  a  secondary  amine. 
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The  Mannich  Reaction  has  been  applied  to  aldehydes,  ketones, 
malonic,  cyanoacetic  and  acetcacetic  acids  and  esters,  phenyl- 
acetylene,  indole  (19),  pyrrole  (18),  aliphatic  nitro  compounds 
(23),  ortho  and  para  nitro  derivatives  of  toluene  (20),  phenols 
(21)  and  halo-ketones  (22).   The  only  quaternary  Mannich  salts 
which  have  been  used  in  alkylation  are  those  derived  from  a  few 
ketones  and  from  indole. 
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Synthesis  of  Fused  Carbocyclic  System?. — Alkylation  with 
Quaternary  Mannlch  salts  can  te  followed  by  cyclization  of  the 
product  (often  without  isolation)  (1-8,  11-14).   The  two  methods 
by  which  this  sequence  of  reactions  can  be  used  in  the  formation 
of  six-membered  rings  are  illustrated  in  the  preparation  of  a  pos' 
sible  intermediate  for  synthesis  of  the  sterol  nucleus  (5). 
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The  second  of  the  methods  shown  above  has  been  most  widely 
used;  in  the  synthesis  of  1-ketc  7-hydroxy  13-methyl  perhydro- 
phenanthrene  (8),  of  3,4-dimethoxy  13 — ethyl  5,6,7,8,9,10,13.14 
octahydrophenathrene  (a  product  derivable  from  thebaine)  (12;, 
a  and  £  Cyperone  (11)  and  many  similar  substances. 

By  using  carefully  purified  Mannich  Salt.?  in  the  preparation 
of  some  chrysene  derivatives,  yields  of  92$  in  the  alky lat ion 
step  were  obtained  (14).   The  dl-Mannlch  Salt  of  acetone  can  be 
used  in  the  synthesis  of  fused  methyl  substituted  phenolic  rings 
(14). 
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Morpholino  Mannich  Bases  are  more  easily  purified  by  crystal- 
lization than  the  simpler  bases  and  their  sa.lt s  appear  i.o  be  of 
about  equal  value  in  this  type  of  alkylation  (13). 

3.  Tryptophan. — The  Mannich  Base  of  incio]  e  (gramine)  is  an 
excellent  alkylating  agent  (9)  and  has  been  used  in  a  convenient 
synthesis  of  tryptophan  (9-10). 
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Slow  addition  of  methyl  sulphate  to  a  cooled  solution  of  the 
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Mannich  Base  and  the  sodio  derivative  of  the  active  methylene  com- 
pound results  in  a  slow  formation  of  the  alkylating  agent  at  low 
concentrations. 

4.  General  Remarks. — This  method  is  valuable  in  alkylation 
when  the  tertiary  amine  (Ila)  is  more  readily  available  than  the 
corresponding  halide  or  activated  olefin.   Where  comparisons  have 
been  made  (1,  13),  the  quaternary  Mannich  Salt  was  shown  to  be  the 
preferable  alkylating  agent,  even  when  it  had  to  be  prepared  from 
the  halide. 

A  full  evaluation  of  this  method  cannot  be  made  until  its 
scope  has  been  more  thoroughly  studied. 
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CXYGEN-CARRYING-  SYNTHETIC  CHELATE  COKPCUNDS 


Introduction. — Because  of  the  importance  of  chelate  com- 
pounds in  "biological  oxidation-reduction  reactions.  Calvin  began 
investigation        of  the  previously  known  (3,  4)  Compound  I  in 
1938.   This  compound  absorbs  oxygen  from  the  air.   The  oxygen  may 
be  driven  off  by  heating.   During  the  war,  considerable  research 
was  carried  out  in  developing  compounds  of  this  type  to  use  in  the 
preparation  of  pure  oxygen  from  air. 

Preparation  of  Compounds. — Compound  I  was  made  by  warming  a 
solution  of  a  cobaltous  salt,  salicylaldehyde  and  ethylene  diamine 
in  aqueous  alcohol.   Most  of  the  other  compounds  studied  were  pre- 
pared analogously.   A  number  of  compounds  were  made  with  the  ob- 
jectives: (l)  to  increase  the  weight  per  cent  of  oxygen  carried, 
(2)  to  increase  the  stability  of  the  compound  to  irreversible  oxi- 
dation, and  (3)  t©  increase  the  rate  of  oxygen  absorption  and  re- 
lease; all  on  the  dry  solid  compound.   Two  types  of  compounds  were 
found  to  be  capable  of  carrying  oxygen  in  the  solid  state.   They 
are  types  A  and  B.   Type  A  compounds  may  absorb  one  molecule  of 


x 

i y      \   y       X y  Compound  II,  X  =  F 

-^_     ..''♦...     _.<T  rinrrmniinrl      TTT         v     —     ( 
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CH3  N.  -*.N-CH 
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'CH3CH.r    H  ^QHa^CHa 
XCH2 

oxygen  for  each  two  atoms  of  cobalt,  while  type  B  compounds  may 
absorb  one  oxygen  molecule  per  cobalt  atom. 

Crystal  Structure. — The  activity  of  the  solid  compound  is 
greatly  dependent  on  its  crystalline  form  and  physical  state. 
Some  crystalline  forms  do  not  absorb  oxygen.   X-ray  examination 
shows  that  in  the  active  forms  of  Compound  I,  the  molecules  are 
so  arranged  as  to  leave  holes  in  the  crystal  lattice  large  enough 
to  accommodate  oxygen  molecules.   In  the  inactive  form,  no  such 
holes  are  present. 

The  Oxygenation  Reaction. — The  ecuilibrium  oxygen  pressure 
over  several  compounds  of  type  A  was  measured  at  different  temo- 
eratures  and  degrees  of  oxygenation.   It  was  found,  for  example, 
that  at  50/£  oxygen  capacity,  the  oxygen  pressure  over  Compound  I 
was  5  mm.  at  0°  and  50  mm.  at  25°,  and  over  Compound  II  was  0.4  mm 
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at  0  and  2  mm.  at  25   (6).   The  pressure  over  solid  type  B  com- 
pounds is  considerably  higher,  but  was  not  measured  due  to  the 
slowness  of  reaction.   A  study  of  the  reaction  rates  of  type  A 
compounds  with  oxygen  showed  a  dependence  on  temperature.   All 
compounds  studied  showed  a  temperature  of  maximum  oxygen  absorp- 
tion, due  to  the  fact  that  at  increasing  temperatures  the  reverse 
reaction,  oxygen  release,  becomes  important.   It  was  found  that  the 
reaction  is  in  all  cases  first  order  with  respect  to  the  oxygen 
pressure.   With  respect  to  the  active  chelate,  the  reaction  was 
first  order  for  Compounds  I  and  III,  and  second  order  for  Compound 
II.   Compound  II  had  the  highest  oxygenation  rate  of  all  of  the 
compounds  studied,  being  80^  saturated  in  3.5  minutes  at  25°  and 
151  mm.  oxygen  pressure. 

Magnetic  Measurements  (8). — The  magnetic  susceptibilities  of 
all  of  the  active  compounds  of  type  A  correspond  to  one  unpaired 
electron  per  cobalt  atom.   Oxygen  absorption  causes  the  paramagnetic 
susceptibilities  to  decrease  linearly  to  almost  zero  for  the  100^ 
oxygenated  compounds.   This  shows  that  the  addition  compound  has 
no  unpaired  electrons.   The  active  type  B  compounds  show  three  un- 
paired electrons  per  cobalt  atom,  decreasing  to  one  at  100$  oxy- 
genation. 

Oxygen  Production  (7). — The  finely  divided  solid  compound  is 
placed  in  the  inner  tube  of  a  heat  exchanger  which  contains  cool- 
ing water  in  the  outer  tube.   Air  is  passed  over  the  chelate  for 
several  minutes  to  provide  oxygen,  while  the  cooling  water  absorbs 
the  heat  of  reaction.   When  the  air  current  is  stopped,  steam  is 
substituted  for  the  cooling  water  in  the  outer  tube.   This  causes 
the  evolution  of  oxygen,  which  after  a  short  "purging"  period,  is 
collected  in  a  tank.   When  this  is  completed,  the  cycle  may  be  re- 
peated.  Under  these  conditions,  Compound  I  retained  10%   of  its 
activity  after  300  cycles,  while  Compound  II  still  had  60/£  activity 
after  1500-  cycles.   This  corresponds  to  130  lbs.  of  oxygen 
produced  per  lb.  of  Compound  II  deteriorated  (or  more  than  40  liters 
per  gram).   The  loss  of  activity  is  due  to  irreversible  oxidation 
of  part  of  the  compound  to  products  which  poison  the  remaining 
material . 

Oxygenation  in  Solution  (10). — A  series  of  measurements  on 
type  B  compounds,  usually  in  quinoline  solution,  showed  that  due  to 
a  high  rate  of  deterioration,  these  compounds  can  not  withstand  very 
many  oxygenation  cycles.   It  seems  that  compounds  with  any  desired 
oxygen  saturation  curve  may  be  synthesized,  including  compounds 
capable  of  functioning  as  oxygen-carriers  in  aqueous  solution. 
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GOME  REACT  10 :TS  OF  FULVENES 

Fulvenee  are  usually  prepared  from  cyclopentadiene  or  its 
derivative?  either  by  condensation  with  aldehyde?  or  ketone?  in 
the  orerence  of  alkali,  or  by  treatment  with  a  G-rignard  reagent 
(l).   yany  of  the  highly  arylated  fulvenes  have  been  prepared 
from  arylated  cyclopentadienones  and  the  G-rignard  reagent  (2). 


RMgX 


xefi 


R'R"C-0 

1 

!     1 

-MgX 

T .} 

ii           - 

v 

R 

1       1 

V 

'-C-R" 

OH 


Although   fulvenes  are  chemically   reactive,    they   do 
rearrange   to   the    isomeric  benzene   derivative?    (?). 


not 
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Halcgenation.  --The  characteristic  double  bond  of  fulvenes  does 
not  add  halogen,   Substitution  in  the  ring  takes  place  instead  (4) 
Diphenyf ulvene  with  exces?  bromine  give?  the  tetrabromof ulvene . 
Controlled  bromination  of  diphenylbenzof ulvene  r suits  in  the  p- 
monobromo  derivative.   Halogenation  in  the  cc-position  generally 
result?  in  a  deepening  of  color.   The  fact  that  the  monobromo 
derivative  i?  yellow  is  evidence  that  the  f ulvene  double  bond  is 
not  attacked.   When  two  mole?  of  bromine  are  used,  the  tribromo 
derivative  (l)  is  isolated  rather  than  the  dibrorno  compound  (5). 
Subseouent  oxidation  of  the  tribromof ulvene  results  in  2,3,6-tri- 
bromoindone  (II ). 


Br 


'X TBr 


*  s\S 


Br 


C6H5~C~C(5H5 
I 


Cr03 

HAc 


Br 


II 


6 


Br 


jJBr 


Rydrogenation. — Hydrogenation   of   dimethyl  and  diphenylf ulvene   in 
the    presence   of   platinum   or  palladium    (6)    in  various    solvents  was 
studied    (6).      The  first   two  moles  of   hydrogen   are  more  readily 
absorbed  than    the    third  mole.      In   the    ca?e  of   dimethylf ulvene ,    the 
addition   of   two  mole?  of   hydrogen   gives   a  mixture   consisting   of 
Q%  isopropylcyclopentane,    20^   isopropylidenecyclopentane   and   60% 
1-i  sopropylcyclopentene . 

Diene    Synthesis .--Fulvenes   undergo   the   diene-addition  reaction    (7) 
with   maleic   anhydride.      Addition  oroducts  with    6, 6-dimethylf ulvene , 
6, 6-diphenylf ulvene   and    6-styrylf ulvene    (III,    R=R'=CH3;    R=Rr=CeH5; 
R=CSH5CH=CK,    R'=H)   are  obtained. 
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Similar  addition  products  are   obtained    (8)    from  6,6-tetra~ 
methylenefulvene   and   6, 6-petamethylenefulvene    (ill,    R,Rf  =   -(CH3)4 
or   -(CH3)5~*).      The   colorless   crystalline  adduct,    although    stable 
in  the    solid    state,    gradually  assumes   the   color   of   the   fulvene    in 
ethyl  acetate   or  benzene  at   room  temperature.      The  development   of 
color   in    solution   was  proven    to   be  due   to  dissociation  by  detecting 
maleic   anhydride   in  the    solution  and  by   freezing  point   determinations. 
The  adduct s  were  hydrogenated  to   the   dihydro   derivatives   from  which 
cyclopentanone   and  cyclohexanone  were   obtained  on    ozonization.      This 
proves   that  the  fulvene    double  bond  war   not  hydrogenated  and  further 
that   the    structure   of   the  adduct   agrees  with   III. 

The  fulvene   addition  products,    in   general,    dissociate   into    their 
components   on   solution  in  the    cold. 

The  reaction    of    fulvene s    (9)   with   maleic   anhydride  is   not 
stereochemically  homogeneous,    but   leads,    in  many  cases,    to  a   mixture 
of  products  having   different    configurations. 

Adduct  with  Maleic  Anhydride   in  Benzene   at    50-60 
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The   adduct  formed  from  6, 6-pentamethylenef ulvene   and  maleic 
anhydride    (10)   has  been   carefully   studied.      When    the   reaction  is 
carried  out    in  benzene   solution   at   room   temperature,    the    cc-adduct    is 
obtained.      If,    however,    the  mother   liouor  is  allowed  to    stand  for 
several   weeks,    a    f? "adduct   gradually   separates*, 

Proof   of    configuration   of    the   a  and   p-adducts  consists   in 
hydrogenaticn   to   the   dihydroanhydride   followed  by   esterif ication 
from  which   is    obtained  an   oil   a-dihydrcdimethyl   ester  and  a   crystal- 
line   p-dihydrodimethyl    ester.      Either   dimethyl   ester  on  boiling  with 
sodium  methoxide   in   methanol    solution   is    inverted  with   the    formation 
of   the   same    trane-lihydrodimethyl   ester    (VI).      The    difference,    there- 
fore,   between  the   initial   cc-  and   (r-adducts   is  one   of    endo-exo 
i  somerism. 
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On  bromination   of   the   a  dihydroanhydride   after   long;   boiling 
with  dilute   acetic  acid,    a  bromohydroxydicarboxylic   acid    (VII )   is 
obtained.      Similarly   the    B-dihydroanhydride  gives  a  bromolactone 
monocarboxylic   acid    (VIII ). 


/\ 


COxH 


VII 


VIII 


Since   only   the    exo   carboxyls   are    suitably  placed  for   lactcniza- 
tion   involving   the  c yclohexylidene    double   bond,    it    is   evident   that 
the  bromination  products  have   the    structure  VII   and  VIII   respectively 
and  conseauently,    that   the   a   series  has   the   endo   configuration 
while  the    p    series  are    exo   derivatives    (the   cc-adduct  has  the 
structure    IV  and   the    (r-adduct    is   to   be   formulated  as  V. 
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c-adduct    (endo,    IV ) 
m.p.    132c 


c-dihydroanhydride 
m.p,  146° 


cc-dihydrodimethyl   ester 
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p-adduct    (exo,    V) 
m.p.    950 
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(5-dihydroanhydride 
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trans-dihydrodimethyl  ester  (VI) 
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p-dihydrodimethyl  eeter 
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aciC  (VII).   m.p.  155° 
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o-NITROSOPHENOLS 


Prior  to  1940,  only  a  very  few  £-nitrosophenols  were  known. 
Bayer  (1)  first  prepared  c^-nitrosophenol  as  its  silver  salt  in 
1893,  tut  failed  to  isolate  the  free  compound.   Earlier  investi- 
gations (2)  had  always  led  to  the  para  isomer.   Free  o-nitroso- 
phenol  was  prepared  in  1912  "by  Baudisoh  and  Karzeff  (5),  who 
further  investigated  the  compound  (4).   More  recently  Hodgson  (5) 
prepared  2-nitroso-5-aminophenol  and  the  2-nitroso-5-halogen- 
phenols. 

This  small  number  of  known  _o-nitrosophenols  is  due  primarily 
to  difficulties  in  their  preparation.   The  action  of  nitrous  acid 
on  phenols  leads  to  jo-nitrosophenol  although  Viebel  (6)  found 
that  the  ortho  isomer  is  formed  as  an  intermediate.   In  1940 
Baudisch  ( 7)  (~8)  developed  the  use  of  the  nitrosyl  radical  and 
an  oxidizing  agent  to  introduce  a  hydroxyl  and  a  nitroso  group 
simultaneously.   This  method  has  been  improved  upon  by  Cronheim 
(9)  who  used  it  to  prepare  over  fifty  new  jD-nitrosophenols. 

METHODS  OF  PREPARATION: 

1.   C6H50H   +  HCNO  -h  (p)   N0-C6H40H  80^ 

The  classical  method  leads  to  the  para  isomer  unless  the 
para  position  is  already  substituted. 
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Only  a  very  few  nitrosophenols  have  ever  been  prepared  by 
this  method  (2). 

3.  The  Baudisch  method  (?): 
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When  only  the  ortho  isomer  is  desired,  this  method  is  most 
satisfactory.   The  nitrosyl  radical  is  prepared  in  one  of 
three  ways. 
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a.  HpNOH.HCl  +  Cu 


[NOH]  +  Cu 
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b.  HONO  +  Cu  -*  [NOH]  +  Cu 

++  + 

c.  CeH5SONHOH  +  Cu    +  H303  -*  [NOH]  +  Cu 

The  cuprous  ions  (8)  combine  with  the  nitrosyl  radical  to 
form  a  complex  of  the  type  [CuNO]Cl  which  is  more  stable 
than  the  nitrosyl  radical  itself.   This  complex  is  para- 
magnetic indicating  that  the  NO  group  has  one  unpaired 
electron.   The  electron  attacks  an  ethylene  grouping  in 
the  benzene  ring  and  the  intermediate  is  then  oxidized  to 
the  o-quinone  thereby  breaking  the  bond  between  the  copper 
and  nitrogen.   The  o-quinonemonoxime  forms  at  once  an  inner 
complex  salt  which  is  very  stable  and  prevents  further  oxi- 
dation to  _o-nitrophenol  or  rearrangement  to  £-nitroso- 
phenol. 
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No  reaction  occurs  unless  the  pH  is  carefully  controlled. 
The  free  _o-nitrosophenol  can  be  liberated  from  the  complex 
by  acid  treatment  and  extraction  with  ligroin. 

The  reaction  also  can  be  applied  to  phenol  and  substituted 
phenols.   Even  if  the  benzene  ring  contains  two  substituents 
either  of  the  same  or  of  different  kinds,  it  is  possible  to 
introduce  a  hydroxyl  and  a  nitroso  group  by  means  of  the 
Baudisch  reaction.   Amines  and  aldehydes  do  not  react 
properly,  but  give  the  diazo  compound  and  the  hydroxamic 
acid  or  oxime  respectively.   In  the  case  of  alkyl  benzenes, 
it  has  been  shown  (8)  that  the  nitroso  group  enters  the 
ring  as  far  as  possible  from  the  alkyl  group. 


PROPERTIES: 


Free  _q-ni  trosophenols  form  very  v 
soluble  in  most  organic  solvents, 
they  shift  to  the  brown  _o-quinone 
characteristic  behaviour  is  the  f 
inner  complex  salts  with  heavy  me 
several  metallic  ions  is  so  stron 
shake  a  solution  of  the  free  o-ni 
ether  with  an  aqueous  salt  soluti 
quantitatively  the  corresponding 
The  affinity  differs  greatly,  how 
metal. 


olatile  light  green  crystals 

In  the  presence  of  water 
monoxime.   Their  most 
ormation  of  highly  colored 
tals.   The  affinity  for 
g  that  it  is  sufficient  to 
trosophenol  in  petroleum 
on  to  form  immediately  and 
o-nitrosophenol  complex  (10). 
ever,  depending  on  the  heavy 
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TABLE  I 

1.  Metals  with  great  affinity: 

++  ++  ++         ++ 

Cu   ,  reddish-violet;  Hg   ,  reddish-violet;  Ni   ,  red;  Fe   , 

++  ++ 

green;  Co   ,  grayish-violet;  Pd   ,  green. 

2.  Metals  with  medium  affinity: 

+  +         ++ 
Zn   ,  pink;  Pb   ,  pink. 

3.  Metals  with  little  affinity: 

+++  +    +++    ++    ++ 

Fe    ,  brown;  Ag  ,  Au   ,  Cd   ,  Mn   ;  Uranium,  red. 

The  solubilities  of  these  complexes  vary  somewhat,  although 
certain  rules  have  been  formulated  (9).   Those  of  cobalt, 
palladium  and  trivalent  iron  are  soluble  in  petroleum  ether 
and  ether  and  are  insoluble  in  water,  while  those  of  copper, 
mercury,  nickel  and  divalent  iron  are  soluble  in  water  and/or 
ether  and  are  insoluble  in  petroleum  ether. 

Substituted  _o-nitrosophenols  have  the  same  properties  as 
o-nitro sophenol.   Their  salts,  although  similar,  are  not 
absolutely  uniform.   Usually  the  difference  lies  not  in  the 
type  of  the  other  group,  but  in  where  it  is  substituted  with 
respect  to  the  o-nitrosophenol  grouping.   Cobalt  is  unique  in 
that  all  the  complexes  from  ortho  substituted  o-nitro sophenol 
are  grayish-violet,  while  those  from  meta  and  para  substituted 
.o-nitro sophenol  are  reddish-brown.   This  property  has  been 
used  to  determine  the  point  of  substitution  in  many  new  com- 
pounds. 

APPLICATIONS: 

Since  certain  metals  possess  a  great  affinity  for  _o-nitroso- 
phenols,  they  have  been  utilized  in  developing  new  techniques 
for  the  colorimetric  analysis  cf  metals.   As  early  as  1883, 
Fevre  (10)  had  noted  that  _o-nitrosoresorcinol  could  detect  the 
ferrous  ion  even  in  a  dilution  of  one  part  in  ten  million. 
Recently,  Cronheim  (11)  (12)  developed  a  satisfactory  technique 
for  the  colorimetric  estimation  of  cobalt  and  iron.   Using  jd- 
nitrosophenol,  estimations  of  five  micrograms  in  fifty  milli- 
liters can  be  made  with  an  error  not  exceeding  one  per  cent. 
Ellis  and  Thompson  (13)  devised  a  scheme  for  the  colorimetric 
estimation  of  cobalt  in  biological  material  using  _o-nitroso- 
cresol,  since  the  latter  is  easier  to  make  and  gives  more  in- 
tense colors  than  ^-nitro sophenol. 
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FALUDRINE   (A  NEW  ANTIMALARIAL  DRUG) 


The  suggestion  was  made  that  the  antimalarial  properties  of 
atebrin  are  connected  with  the  tautomeric  possibility  which  exists 
in  the  molecule.1 


NHR 


r         t 

NR 

1! 

/%} 

NHR                      NR 

nA.        J\ 

W 

\n/ 

\x 

I 

\gj 

H 

I 

II 

CH3 
R  =  CH(CH2)3N(C2H5)2 

Dialkylaminoalkylamino  pyrimidine  derivatives  represent  an 
analogous  tautomeric  system  (I),  (II).   Among  the  derivatives  of 
pyrimidine  the  three  following  compounds  were  tested  as  possible 
potential  antimalarials.   Cf  these  three  (III)  and  (IV)  were  found 


Cl^ 


HN  R 
N^n 


■NH/NjfcH 


III 
R  =  (CHa)aN(C8H5)a 


Cl^ 


"V\nh/X^ch3 


IV 


CI/*' 


NHR 
^N 


NH/M^CH; 

V 


to  be  active  whereas  (V)  was  entirely  devoid  of  activity.   A  close 
examination  of  types  of  (III)  and  (IV)  shows  that  £-quinonoid 
structure  is  only  possible  in  the  former,  yet  both  provide  active 
substances. 

Curd  and  Rose   tentatively  modified  Schonhofer's  hypothesis 
to  embrace  tautomerism  leading  to  an  c-quinoncid  and  that,  in  the 
pyrimidine  series,  antimalarial  activity  might  be  expected  when 
both  arylamino  and  dialkylamino  substituents  were  present  each  of 
which  permitted  the  formulation  of  either  p_-  or  jD-quinonoid  like 
tautomers. 

However,  the  inactivity  of  the  isomeric  type  (V)  called  for 
some  modification  of  this  generalization  and  it  was  further  postu- 
lated that  the  tautomeric  systems  associated  with  the  substituent 
arylamino  and  alkylamino  groups  should  be  capable  of  independent 


73 


-2- 


function.   If,  therefore,  the  structural  requirements  for  anti- 
malarial activity  were  indeed  two  linked  and  yet  independent 
amidine  systems  ,  as  indicated  in  (III),  it  suggested  that  the 
pyrimidine  ring  might  not  be  essential  and  omission  of  the  carbon 
atoms  in  positions  5  and  6  of  the  pyrimidine  ring  was  Indicated. 
This  left  the  skeleton  of  which  the  central  portion  was  seen  to 
be  duplicated  in  the  biguanide  system.   Compound  (VIII)  was, 


HNR 


CI 


X\ 


VAnhAnSp  ch  . 

VI 


nh/  %/ 


VII 


amongst  other  biguanide  derivatives,  examined  for  antimalarial 
activity  and  was  found  to  be  inactive.   Owing  to  the  high  basicity 


l^~^s- 


X 


•NH-£-NH-q-NH(CH2) 3N(C3H5) a 

NK    MH 


VIII 


of  this  compound,  it  was  decided  to  omit  the  -NH(CH3)3-  unit  to 
give  (IX)  which  as  indicated  still  contained  two  independent 


Cl^ 


'   >-NH-C- 
, — X     NH 


J1.HI 


N(C3K5) 


IX 


amidine  systems.   Antimalarial  activity  was  restored  and  variation 
of  the  terminal  alkyl  groups  led  to  the  discovery  of  (IX)  which 
was  the  first  compound  of  the  biguanide  type  to  undergo  clinical 
trial.   It  proved  to  be  active  in  human  malaria3  but  was  soon 
superseded  by  the  more  active  4888  (Paludrine)  (X). 


,CH- 


XS-NH-C-NH-C-NHCH 


NH 


\ 


CH- 
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On  laboratory  tests  this  substance  appeared  to  be  unique 
among  antimalarial  substances  and  to  hold  out  the  possibility  for 
the  first  time  of  true  prophylaxis  in  malaria. 

Synthesis  of  diguanides. — The  most  convenient  starting  materi- 
al for  diguanides  of  the  type  (IX)  has  been  dicyandiamide.   The 
interaction  of  dicyandiamide  with  ammonium  chloride  yields  di- 
guanide  hydrochloride.4  This  reaction  has  been  extended  to  aryl 
and  aliiyl  amines.5 

The  parent  ]D-chlorophenyl  diguanide  corresponding  to  (X)  was 
made2*6  by  reacting  p_-chloroaniline  hydrochloride  with  dicyandi- 
amide.  Also  phenyl  dicyandiamide  gives  an  analogous  compound  from 
phenyl  i sothiocyanate  and  sodium  cyanamide.7  Passing  of  dry 
hydrogenchloride  into  an  ether  suspension  of  a  compound  represent- 
ed by  (IX)  is  another  approach  for  the  preparation  of  such  com- 
pounds. B 


NH  St==S         h 


X 

XI  XII 

Compound  (XI)  was  prepared  in  good  yields  by  coupling  di- 
azotized  ]D-chloroaniline  with  dicyandiamide  in  anueous  sodium 
carbonate.   It  is  dangerous  to  handle  this  substance  (XI)  in  bulk 
when  dry,  since  it  is  readily  detonated  by  friction.   The  more 
stable  wet  filter  paste  from  the  coupling  reaction  is  decomposed 
smoothly  and  cleanly  into  (XII)  by  addition  to  a  mixture  of  con- 
centrated HC1  and  a  water  miscible  solvent,  such  as  £-ethoxy- 
ethanol,  acetic  acid  or  acetone. 

The  aryl  dicyandiamides  have  been  converted  into  diguanides 
by  interaction  with  either  the  amine  hydrochloride  or  the  amine 
in  the  presence  of  copper  sulphate.   Thus  Faludrine  or  N^p-chloro- 
phenyl-Hr-isopropyl  biguanide  was  prepared  from  _p_-chlorophenyl  di- 
cyandiamide (XIII)  and  isopropyl  amine. 


-CH3        s       v  J^-3 

[ 

'H3 
XIII  Paludrine 


qi_I  hi 

Cl<^       ^S-NH-G-NHCsN  +  HgN^H     3  ->     Cl<^r  ~^> -NH-C-NH-C-j(H 
X=^/  NH  NCK,  X=-/  NH        NH   C] 
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THE   CHEMISTRY  OF   THE   PYRROCOLINES 


The   pyrrocoline   ring   system   is   shown  by   the   following 
formula. 


f  r 


S^ss 


\A 


2 
•  3 


The  names  pyrindole  and  indolizlne  and  other  numbering  systems 
have  also  been  employed. 


PREPARATION: 

(l)  a- Hal ogenated  Carbonyl  C 
(1-5) . — Tschitschibabin  introduce 
2-substituted  pyrrocolines  by  all 
react  with  a-cicoline,  the  result 
converted  into  2-substituted  pyrr 
aqueous  solution  of  sodium  bicarb 
be  general  for  the  preparation  of 
aryl)-3-alkylpyrrocolines.   Yield 


q-Methylpyrldines 


ompounds 

d  a  method  for  the  synthesis  of 
owing  a-halogenated  ketones  to 
ing  quaternary  compounds  being 
ocolines  by  heating  with  an 
onate.   The  reaction  appears  to 
2-alkyl  or  aryl  and  2-alkyl(or 
s  of  40-80£  are  usual. 
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The  reaction  proceeds  less  smoothly  with  a-halogenated  alde- 
hydes.  Attempts  to  prepare  pyrrocolines  substituted  in  the  3- 
position  by  acetyl,  c?rbethoxy  or  nitro  groups  by  the  use  of 
halogenated  p-diketones,  acylacetates  and  acylnitromethanes  have 
been  unsuccessful.   The  reaction  appears  to  be  general  for 
pyridines  containing  a  methyl  or  methylene  group  in  the  cc-position. 
The  use  of  quinaldine  would  be  expected  to  give  5,6-benzopyrro- 
colines,  but  results  have  been  unsuccessful. 
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(2)    g-Methylpyridlnes  +  Acetic  anhydride  (6). — This  method 
consists  of  heating  an  a-methylpyridine  with  acetic  anhydride  at 
200-220°  in  a  sealed  tube.   The  1,3-diacetylpyrrocoline  thus 
obtained  can  be  hydrolyzed  to  remove  the  acetyl  groups.   Forma- 
tion of  the  1,3-dlacetylpyrrocoline  has  been  explained  as  follows, 


+  (CH3C0) 


Q0CH3 

^\/\o 


^\f 


9OCH3 
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C-OH 


NH  CH2 


V     QOCH3 

\y     sCH0H 

I 
^ CH3 


The  reaction  has  a  limited  application  and  only  gives  yields 
of  10-25$  of  the  diacetyl  compounds.   Other  anhydrides  than  acetic 
have  been  studied  but  only  in  the  case  of  propionic  anhydride  could 
a  definite  product  be  isolated.   This  was  l-propionyl-3-methyl- 
pyrrocoline. 

(5)  Miscellaneous  Methods  (7). — Diels  and  his  collaborators 
found  that  pyridocoline  derivatives  obtained  by  the  action  of 
acetylenedicarboxy lie  esters  on  pyridine  and  similar  bases  could 
readily  be  broken  down  to  compounds  of  the  pyrrocoline  series. 
This  is  not  a  very  good  synthetic  method  sinc^e  the  yields  are 
rather  low. 

REACTIONS: 


The  pyrrocolines  are  solids  with  weakly  basic  properties. 
They  fluoresce  in  dilute  solution,  are  usually  fairly  stable  to 
air  and  light,  and  give  a  pyrrole  reaction  with  a  pine  splinter 
and  an  indole  reaction  with  oxalic  acid.   The  pyrrocoline  ring 
system  contains  a  pyrrole  ring  and  a  dihydropyridlne  ring.   Re- 
actions generally  affect  the  pyrrole  ring. 

(1)  Acetylation  (1-5,5,6.8). — Pyrrocoline,  and  its  2-methyl 
and  2-phenyl  derivatives,  upon  refluxing  with  acetic  anhydride  and 
sodium  acetate  give  the  3-monoacetyl  compounds  in  70-90$  yields. 
Treatment  of  these  monoacetyl  compounds  with  acetic  anhydride  at 
220-240°  in  a  sealed  tube  yields  the  1,3-diacetyl  compounds. 

Attempts  to  prepare  the  monoacetyl  derivatives  from  2-methyl- 
and  2-phenylpyrrocoline  by  the  Friedel  Crafts  method  with  acetyl 
chloride  or  bromide  were  unsuccessful. 
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Japanese  workers  readily  obtained  the  1,3-diacetyl  derivative  from 
3-acetyl-2-methylpyrrocoline  with  acetyl  chloride  and  aluminum 
chloride  in  tetrachloroethane  solution  but  the  English  workers 
were  unable  to  repeat  this  work.   However,  using  the  same  procedure 
on  3-acetyl-2-phenylpyrrocoline  they  obtained  an  82$  yield  of  the 
1,3-diacetyl  derivative.   It  was  impossible  to  introduce  acetyl 
groups  into  nitroso  and  nitro  pyrrocoline  derivatives. 

The  acetyl  groups  in  both  the  mono  and  the  diacetyl  deriva- 
tives of  2-methyl-  and  2-phenylpyrrocollne  were  shown  to  be  in  the 
f ive-membered  ring  by  oxidation  with  hydrogen  peroxide,   a- 
Picolinic  acid  N-oxlde  is  formed  together  with  benzoic  acid  in  the 
case  of  2-phenyl  derivatives.   The  position  of  the  acetyl  group 
was  finally  established  by  reduction. 

The  acetyl  compounds  of  pyrrocoline  and  its  alkyl  and  aryl 
derivatives  are  readily  deacetylated  by  heating  with  dilute  hydro- 
chloric acid,  while  the  acetyl  derivatives  of  nitroso  and  nitro 
pyrrocollnes  are  resistant  to  hydrolysis.   Ketonic  reagents  react 
with  only  one  carbonyl  group  of  the  diacetyl  pyrrocollnes. 

(2)  Nitrosatlon  (2). — The  pyrrocoline  nucleus  undergoes 
nltrosation  without  difficulty  by  the  action  of  sodium  nitrite  in 
acid  solution.   Nltrosation  of  2-methyl-  and  2-phenylpyrrocoline 
gives  3-nitroso  compounds.   With  the  3-acetyl  derivatives  of  these 
compounds  and  3-ethyl-2-methylpyrrocoline  1-nitroso  products  re- 
sult.  In  all  cases  80-90$  yields  are  obtained. 

Oxidation  of  the  nitroso  compounds  with  hydrogen  peroxide  gave 
a-picolinic  acid  N-oxide.   This  indicated  that  the  nitroso  groups 
were  contained  in  the  pyrrole  ring.   The  position  of  the  nitroso 
group  in  the  2-methyl  compound  was  proved  by  oxidation  to  2-methyl- 
.--nitropyrrocollne .   Proof  that  the  nitroso  group  was  in  the  3- 
position  of  the  2-phenyl  derivative  was  furnished  by  direct  syn- 
thesis from  a-picoline  and  W-chloroisonitrosoacetophenone. 

(3)  Nitration  (5). — The  nitration  of  2-methyl-,  2-phenyl- 
pyrrocoline and  their  3-acetyl  and  1,3-diacetyl  derivatives  has 
been  thoroughly  studied. 

Nitrations  which  can  be  accomplished  by  the  use  of  nitric  acid 
in  acetic  acid  are  shown  in  the  following  scheme.   Yields  were 
usually  good,  ranging  from  40-90$f 
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The 
acids  ar 
pyrrocol 
3-Acetyl 
pound, 
of  nitri 
nitric  a 
obtained 
below. 


results  obtained  with  a  mixture  of  nitric  and  sulfuric 
e  different  from  those  of  the  preceeding  method.   2-Methyl- 
ine  yields  the  1-mononitro  and  the  3-mononitro  derivatives 
-2-methylpyrrocoline  gives  the  corresponding  1-nitro  com- 
Nitration  of  2-phenylpyrrocoline  xvith  one  mole  equivalent 
c  acid  yields  2~(]D-nitrophenyl)pyrrocoline.   Use  of  excess 
cid  gives  l-nitro-2-(]D-nitrophenyl)pyrrocoline.   Products 

upon  nitration  of  3-acetyl-2-phenylpyrrocoline  are  shown 


-NO. 


N0a 

i 

L 


V 


Structures   of    the  nitro   compounds  were   determined  by  oxi- 
dation,   further  nitration  of  mononitro  derivatives,    acetylatlon, 
and   oxidation  of   nitroso   compounds. 

(4)   Reduction   of  5-Acetyl   Derivatives    (4). — A  modified 
Clemmensen  method   afforded  reduction  of    the    carbonyl   group   to 
give   3-ethyl-2-methylpyrrocoline    in   small   yield.      3-a-Hydroxyethyl- 
2-methylpyrrocoline  was  also   formed.      Reduction   of   3-acetyl-2- 
phenylpyrrocline   by  the  V/olff-Kishner  method   gave  a  35$  yield  of 
the  3-ethyl   compound   although  a   larger  amount    of  2-phenylpyrrocoline 
was   also   formed  during  the   reaction.      The    structure  of    the  3-ethyl 
derivatives  was  proven  by  direct    synthesis  according  to 
Tschitschibabin' s   method. 
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Selective  reduction  of  the  carbonyl  group  by  means  of 
catalytic  methods  without  affecting  the  nucleus  was  impossible. 
Reduction  of  3-acetyl-2-methylpyrrocoline  using  Raney  nickel 
catalyst  at  150  atmospheres  and  180°  gave  3-ethyl-2-methylocta- 
hydropyrrocoline  in  74$  crude  yield.   With  Pt02  at  room  temperature 
and  atmospheric  pressure  three  pyrrocolines  were  obtained,  namely, 
the  3-acetyl-2-methyl-5,6,7,8-tetrahydro-,  the  3-a-hydroxyethyl- 
2-methyloctahydro-,  and  the  3-ethyl-2-methyloctahydro-  derivatives. 
Yields  of  these  ranged  from  15-45$.   2-Methyl-,  3-methyl-,  and  2,3- 
dimethylpyrrocollne  have  been  reduced  to  the  corresponding  octa- 
hydro  compounds  with  Pt03  catalyst  in  70-80$  yields  (9). 

Reduction  of  2-phenylpyrrocolines  with  Raney  nickel  at  room 
temperature  and  atmospheric  pressure  gives  5, 6,7,8-tetrahydro 
derivatives  in  excellent  yield.   With  the  3-acetyl  compound  the 
carbonyl  group  was  not  reduced.   Under  vigorous  conditions,  125 
atmospheres  and  180°,  reduction  of  3-acetyl-  and  3-ethyl-2-phenyl- 
pyrrocoline  give  2-cyclohexyl-3-ethyloctahydropyrrocoline  in  80-90$ 
yields.   Reduction  of  3-acetyl-2-phenylpyrrocline  using  copper 
chromite  catalyst  results  in  the  formation  of  a  mixture  of  3-ethyl- 
2-phenyl-5,6,7,8-tetrahydropyrrocoline  and  the  corresponding  octa- 
hydro  compound  in  yields  'ranging  from  20-50$, 

Structures  of  the  catalytic  reduction  products  were  based  on 
color  tests,  reactions  with  2,4-dinitrophenylhydrazine  and  phenyl- 
isocyanate,  deacetylation  and  acetylation  reactions  and  ultraviolet 
absorption  studies, 

(5)  Miscellaneous  Reactions. — Reactions  of  pyrrocolines  with 
aldehydes,  ketones,  diazonium  salts,  Grignard  reagents,  quinone, 
maleic  anhydride,  and  iodine  have  been  reported  in  the  literature. 
In  most  cases  tentative  structures  of  the  resulting  compounds  have 
been  assigned  based  on  similar  reactions  with  pyrrole  and  indole 
derivatives,  but  structure  proofs  have  not  been  carried  out. 
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MAGNETIC  PROPERTIES  OF  SOME  ORGANIC  COMPOUNDS 

Introduction. — All  organic  species  can  "be  classified  into  two 
magnetic  groups  depending  on  whether  or  not  they  contain  unpaired 
electrons.   Those  possessing  only  paired  electrons  are  classed  as 
"diamagnetic" ,  while  those  containing  unpaired  electrons  in  ad- 
dition to  paired  electrons  are  classed  as  "paramagnetic",   dif- 
ferentiation between  these  two  classes  is  possible  by  observing 
their  respective  behaviours  in  a  magnetic  field.   Diamagnetic 
substances  when  suitably  suspended  in  an  inhomogeneous  magnetic 
field  suffer  an  apparent  decrease  in  weight,  while  paramagnetic 
substances  apparently  increase  in  weight.   As  a  result  of  their 
unpaired  electrons  paramagnetic  molecules  possess  permanent  mag- 
netic dipoles,  the  magnitudes  of  which  are  dependent  upon  tempera- 
ture.  On  the  other  hand,  diamagnetism  is  practically  independent 
of  temperature,  and  diamagnetic  molecules  have  magnetic  dipole 
moments  only  in  the  presence  of  a  magnetic  field. 

In  measuring  the  magnetic  properties  of  substances,  the  materi- 
al in  auestion  is  usually  weighed  in  the  presence  of  and  in  the 
absence  of  a  magnetic  field,  the  difference  in  weight  corresponding 
to  the  magnetic  susceptibility  of  the  substance  (l). 

Diamagneti  sm. — Pascal  (1910-1925)  (2)  carried  out  extensive 
investigations  of  the  diamagnetic  susceptibilities  of  a  large  num- 
ber of  organic  compounds  and  was  able  to  show  that  the  molar  sus- 
ceptibility was  expressable  as  the  sum  of  the  atomic  susceptibi- 
lities if  certain  corrections  were  applied  for  constitutional 
peculiarities.   He  assigned  values  for  different  types  of  bonds 
and  showed  that  the  values  maintained  their  identity  in  a  large 
variety  of  compounds.   Gray  and  Cruickshank  (3)  replaced  the 
empirical  standards  of  Pascal  by  a  system  which  permits  the  direct 
determination  of  constitution  on  the  basis  of  magnetic  measurements. 
Pascal's  methods  led  to  the  conclusion  that  the  Kekule  benzene 
formula  was  incorrect  and  this  new  method  of  calculation  made  it 
possible  to  take  hybridizations  into  account.   In  this  way  they 
were  able  to  reconcile  the  experimental  and  the  calculated  values 
for  the  magnetic  susceptibility. 

Diamagnetic  sus-cectibility  has  been  used  by  Farqueson  (4,5) 
in  following  the  progress  of  polymerization,  2,3-dimethylbutadiene 
in  particular.   When  a  substance  containing  double  bonds  and  the 
ability  to  polymerize  is  subjected  to  magnetic  measurements  in 
the  course  of  polymerization,  it  is  found  that  the  diamagnetic 
susceptibility  changes  as  polymerization  goes  on  due  to  the  disap- 
pearance of  a  double  bond  and  the  formation  of  a  single  bond. 

Pacault  and  Buu-Hoi  (6,7)  have  applied  magnetic  measurements 
to  the  investigation  of  the  structures  of  some  polycyclic  com- 
pounds.  The  existence  of  mesomeric  forms  of  polycyclic  hydro- 
carbons has  been  shown  and  their  proportion  determined  by  com- 
parisons of  the  magnetic  susceptibilities. 

Paramagnetl sm. — Free  Radicals. — Compounds  such  as  the  hexa- 
aryl  ethanes  are  diamagnetic  in  the  undissociated  state.   Dis-^ 
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sociation  leads  to  the  existence  of  lone  electrons  which  donate 
paramagnetic  properties  to  the  radicals.   If  the  compound  is  100/? 
dissociated  the  paramagnetic  susceptibility  would  be  1260  x  10~6  e- 
Thus  if  the  experimental  susceptibility  is  known,  together  with  the 
diamagnetic  susceptibility  (from  Pascal  standards),  it  is  possible 
to  calculate  the  per  cent  dissociation  and  the  eauilibrium  constant. 
The  heats  of  dissociation  of  the  compound  can  be  calculated  from  the 
rate  of  change  of  the  equilibrium  constant  with  temperature  (8,9, 
10).   Similar  effects  are  known  in  the  nitrogen  free  radicals  (11, 
12,13). 

Semiouinones. — Michealis  and  collaborators  (14,15)  have  in- 
vestigated the  course  of  slow  reduction  of  ouinones  with  respect  to 
the  change  of  magnetic  susceptibility  during  reduction.   It  has 
been  demonstrated  that  reduction  of  organic  compounds  takes  place 
in  two  univalent  steps  and  on  the  basis  of  this  principle  the  re- 
duction of  quinone  (I,  diamagnetic)  should  occur  in  two  steps.   The 
addition  of  the  first  electron  should  result  in  the  formation  of  a 
paramagnetic  "semiauinone"  (II).   The  addition  of  the  second 
electron  would  cause  the  formation  of  the  divalent  anion  of  hydro- 
ouinone  (III).   This  is  difficult  to  show  in  the  case  of  benzo- 
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quinone  because  of  irreversable  secondary  reactions,  but  in  the 
case  of  duroquinone  the  methyl  groups  prevent  any  such  reaction 
and  the  existence  of  a  semiquinone  structure  can  be  shown  by 
magnetic  methods. 

Diradicals.  —  In  the  phenyl  and  biphenyl  series,  true  biradi- 
cals  exist  only  where  no  intramolecular  stabilization  is  possible 
(o-compounds)  or  where  there  is  no  possibility  of  a  valence  tauto- 
meric quinonoid  structure.   The  Tschit schibabin  hydrocarbon  (16) 
was  one  of  the  first  compounds  believed  to  be  in  the  diradical 
state.   Solutions  of  this  compound  were,  however,  found  to  be 


diamagnetic  (17).   The  first  compound  of  this  type  found  to  be  para- 
magnetic in  solution  was  the  Schlenk  hydrocarbon  (18,17). 
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The  relationship  between  noncoplanarity  and  paramagnetism  in  this 
series  was  shown  by  means  of  the  hindered  compound  (19). 

CI      CI 

Ph2C-<^r   ^ y?~    ^-CPh2  1&%   disscc.  at  18°C. 

~C1      CI 

The  compounds  of  the  auinodimethane  series  are  all  non-paramagnetic 
(17).   A  nitrogen  diradical  arising  from  porphydrindine  is  100^ 
dissociated  at  room  temperature  (20).   A  summary  of  work  in  this 
field  is  given  by  Muller  (20). 

Metal  Ketyls. — Muller  and  Janke  (21)  have  investigated  a 
large  number  of  metal  ketyls  in  an  attempt  to  correlate  magnetic 
behaviour  with  structure.   According  to  their  classification  there 
are  three  groups  of  metal  ketyls:  (a)  diamagnetic  pinaconates, 
such  as  those  arising  from  V-pyrones,  (B)  meriradicals  of  complex 
structure,  such  as  those  derived  from  xanthone,  flavone  and 
chromone,  which  are  more  or  less  paramagnetic,  and  (C)  holoradi- 
cals  which  are  strongly  paramagnetic  and  arise  from  compounds  such 
as  benzophenone. 

Organic  Substances  with  Elements  of  the  Transitional  Group.-- 
This  class  of  compounds  includes  a  large  number  of  biologically 
important  iron-porphyrin  compounds  such  as  hemoglobin  and  the 
hemochromogens  (21).   The  paramagnetic  susceptibility  of  such 
complex  molecules  is  largely  due  to  the  presence  of  unpaired 
electrons  on  the  metal  atom  bound  in  the  complex.   The  number  of 
unpaired  electrons  can  be  evaluated  by  a  calculation  involving  the 
molecular  magnetic  dipole  moment  which  is  accessable  through  mag- 
netic susceptibility  measurements  (22). 
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THE  ALDOL  CONDENSATION  AND  THE  CHARACTEP 

PARACONIC  ACIDS 


OF    KETC- 


The   mechanism   of   the  aldol   condensation  which  has  teen  ac- 
cepted most  widely  is    explained  by  Hammett   as   follows: 


H3C-CHO     +     B    ~*     [H3C-CH0]        +     BH+ 


[H2C-CHO]         +     H3C-CHO 


[H3C-Q-CH3CHO] 
101 


(I) 
(II) 


9 

[H3C-C-CH3CH0]         +      BH 
lOl 


H3C-CH0HCH3CH0     +     B 


(III) 


In  the  first  step  the  aldehyde  gives  up  a  proton  to  the  basic 
catalyst.   Then  the  ionic  fragment  thus  formed  adds  to  the  car- 
bonyl  group  of  another  aldehyde.   This  active  complex  is  then 
stabilized  by  accepting  a  proton.   All  the  steps  are  reversible. 

In  the  reaction  of  acetaldehyde  the  rate  is  first  order  in 
aldehyde  and  nearly  proportional  to  the  hydroxy-ion  concentration. 
This  is  evidence  that  reaction  I  is  the  rate  determining  step,  as 
is  the  fact  that  no  deuterium  becomes  attached  to  carbon  when  the 
reaction  is  run  in  heavy  water.   If  the  second  step  were  rate 
determining,  the  first  would  be  mobile  and  the  pickup  of  deuterium 
would  be  faster  than  the  condensation. 

Another  mechanism  has  been  postulated  recently  by  G-ault.  His 
hypothesis  is  that  the  reaction  occurs  between  a  hydrated  molecule 
of  the  aldehyde  and  an  enolized  molecule  of  the  same  aldehyde. 


OH^R 
R/ 


R 


9H 


r/: 


D=C-R 


R 


\ 


R  HO  OH 

.C-C-R 

R' 


R 


'0*0 


R!pl     R^ 


R./ 


:c-8-r 


K 


R' 


A 

R   "OH 


R 


/ 


C-OH 


R 


/ 


~C-OH 


(The  R's  may  be  hydrogen,  or  identical  or  different  radicals) 


In  this  picture  one  hydroxyl  group  of  the  hydrated  aldehyde  has 
added  to  one  carbon  of  the  enolic  double  bond  and  the  hydroxy- 
alkyl  residue  has  added  to  the  other  carbon  of  the  double  bond. 

The  evidence  for  this  picturing  is  merely  the  character  of 
the  products  obtained  from  various  related  reactions  which  G-ault 
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carried  out.   For  example,  from  the  reaction  of  acetaldehyde  with 
acetoacetic  ester  there  were  isolated  products  of  the  type  I  and 
II. 


HCQHCH3  HO9HGH3  HCCHCH3 

CH3COCCCsC3K5     CH3C0CKC03C3H5     and     CH3CCCC03C3H5 
HO6HCH3  R 

(I)  (II) 

Compounds  of  this  type  had  not  been  isolated  previously,  pre- 
sumably because  they  are  so  reactive  in  the  usual  condensation 
media.   Gault  postulates  their  formation  as  intermediates  in  all 
reactions  of  aldehydes  with  acetoacetic  ester. 

Another  reaction  studied  by  Gault  and  used  by  him  to  explain 
the  aldol  condensation  is  that  of  oxalacetic  ester  with  an  alde- 
hyde.  If  the  aldehyde  is  aromatic,  or  if  the  potassium  salt  of 
oxalacetic  ester  is  used,  the  product  is  cyclic.   Gault  describes 
the  formation  of  this  compound,  a  ketoparaconic  ester,  as  follows: 

OH         H 

K0C  =  CHC00C2H5        HO-C CC03C3H5 


C=0      HO^  C=0         CHR 

\      +    CK-R  ->     \  / 

OC3H5    H0'x  OC2H5    HO' 


KOC CCOpCoH 


3W  3xi5 


C=0    CHR 

\  / 

0' 


The  first  compound  of  this  type  was  reported  in  1892  by 
:Visllcenus.   It  resulted  from  the  reaction  of  benzaldenyde  with 
oxalacetic  ester.   Operating  with  the  potassium  salt  of  the  ester, 
Gault  prepared  other  compounds  of  the  series  from  acetaldehyde, 
chloral,  monochloroacetaldehyde,  a"hd  2,3-dibromopropionaldehyde . 
The  ketoparaconic  esters  give  the  usual  ketone  derivatives  such  as 
phenylhydrazones,  rea  colorations  with  ferric  chloride,  and  are 
usually  acidic  enough  to  be  titrated  with  N/2  NaOH.   They  can  be 
brominated  in  aqueous  solution,  the  bromine  substituting  in  the 
lactone  ring  as  evidenced  by  the  fact  that  the  brominated  product 
no  longer  gives  a  color  with  ferric  chloride. 

Hydrolysis  of  the  phyenylbromoketoparaconic  ester  with 
potassium  bicarbonate  or  with  cold  33%  sodium  hydroxide  yields 
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acid. 


^r  KHCOg   or 

-C-CC2C3H5  -*  C6H5CK=CC0sC3H5  +        C02H 

33^   NaOH  Br        (III) 

C02H 
OC        CHC6H5  hot   dil. 

X(T  -*  C6K5Cf-CCCsH      (IV)         +        CC2H 

NaOH  l 


C6H5COCH3  C03H 

G-ault  proposed  this  reaction  as  a  means  of  going  from  an  aldehyde 

to  the  corresponding  methyl  ketone,  tut  it  seems  probable  that  the 
acetophenone  is  merely  a  by-product. 
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CHEMISTRY  OF  THE  PHENOTHIAZINES 


The  phenothiazines  have  recently  bee 
insecticidal  activity,  phenothiazine  show 
activity  which  has  led  to  its  wide-spread 
parasitesj(l).Other  publications  report  te 
potential  antimalarials  (2)  and  trypanoso 
of  dyes  such  as  methylene  blue,  related  t 
phenothiazine,  in  increasing  the  rate  of 
cells  has  been  studied  (4).  This  effect 
the  reversible  reduction  of  such  dyes  by 


n  investigated  for  their 
ing  a  broad  spectrum  of 
use  against  internal 
sts  of  phenothiazines  as 
me.cides  (3).   The  effect 
o  the  oxidized  form  of 
respiration  of  certain 
is  thought  to  depend  on 
single  electron  steps. 


(CH3)2N_ 


+ 


=,N(CHa)3  +e   Me2N._ 


Methylene 
Blue 


Methylene  Blue 
Semiquinone 


Me,N. 


NMe 


Methylene  Blue 
Leuco  Base 


METHODS  CF  PREPARATION. 


1.  Sulfur  fusion. — Phenothiazine  is  made  by 
diphenylamine  with  sulfur  in  the  presence  of  I2, 


fusion 

AlClg, 


Of 

or 


other 

catalyst,  at  a  temperature  where  the  evolution  of  hydrogen  sul- 
fide becomes  rapid,  usually  about  180-220°.   G-ood  yields  have  been 
reported  for  di-^-naphthylamine,  and  for  diphenylamine s  substituted 


OH,  OMe  (5),  NH2,  and 
event  reaction. 


in  the  para  position  by  such  groups  as 
0CH3CC0H.(3}  Ring  deactivating  groups  pr 

2.  Sulfur  dichloride. — An  analogous  procedure  found  in  the 
literature  involves  the  treatment  of  diphenylamine s  with  sulfur 
dichloride.   This  has  been  ap.lied  to  alkyl-substituted  diary 1- 
amines,  yielding  mixtures  from  which  phenothiazines  could  be 
isolated  in  many  instances. 

3.  Rearrangement  of  diary!  sulfides. — The  rearrangement  of 
certain  2-nitro  2 '-amino  diphenyl  sulfides  (7)  has  been  shown  to 
proceed  to  the  phenothiazines.   The  rearrangement  is  run  in 
aqueous  or  alcoholic  alkali,  which  may  be  weaker  as  the  electron- 
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NH3  N03    . 
^/       V^\X   base 


+   HNO 


attracting  power  of  X  and  X'  increase.   Practically,  X  and  X'  are 
N02,  COOK,  S03H,  or  ,0    The  ring-closure  occurs  in  alkali,  but 

C-R. 
the  factors  influencing  reactivity  have  not  been  explored. 

REACTIONS  OF  PHENOTHIAZINES. 

Monosubstitution  by  the  usual  reagents  into  the  aromatic 
rings  requires  carefully  controlled  conditions,  because  of  the 
activitation  of  the  rings  and  the  ease  of  oxidation  of  the  sul- 
fur.  Nitration,  for  example,  gives  a  mixture  of  four  nitration 
products,  while  the  sulfur  is  simultaneously  oxidized  to  sulf- 
oxide. 

Many  other  oxidizing  agents,  such  as  hydrogen  peroxide,  at- 
tack the  sulfur,  especially  in  slightly  alkaline  solution,  yield- 
ing the  sulfoxide  or  sulfone.   In  acid  solution,  the  three  position 
may  be  attacked,  and  thionol  produced  (9).   The  sulfoxides  may  be 
rearranged  to  ring-substituted  phenothiazines  by  acids  (10,11), 
hydrochloric  acid,  for  example,  yielding  a  mixture  of  3-chloro  and 
3, 7-dichlorophenothiazine.   The  sulfones  are  stable  to  acid. 

Halogenation  of  phenothiazine  at  -15°  results  in  a  dibromo 
compound,  often  formulated  as  5, 10-uibromophenothiazine.   This  is 
unstable  even  at  0°,  forming  nuclear  bromination  products  (12). 
Should  the  original  dibromo  compound  be  reacted  with  an  excess  of 
ammonia  or  an  amine,  3-amino,  or  3, 7-diaminothiazine  dyes  are 
produced  (13) . 


Methylene 
Blue 


NHMe 


cr2 
-15° 
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H20s 


NaOEt 
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The  amine  hydrogen  of  phenothiazine  may  be  alkylated  or 
acylated  in  the  usual  way. 

Metalation  with  n-butyl  lithium  of  phenothiazine  followed  by 
carbonation  gives  phenothiazine- l~carboxylic  acid,  the  nitrogen 
apparently  directing  substitution  (5).   When  the  nitrogen  is  al- 
kylated or  arylated  before  metalation,  however,  the  4-carboxylic 
acid  forms,  the  sulfur  directing  to  the  more  usual  ortho  position. 
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The  Friedel-Craf ts  reaction  may  be  run,  preferably  on  10- 
acylated  phenothiazine,  to  give  2-substituted  products.   The  2- 
acetyl  compound,  prepared  by  using  acetyl  chloride,  is  oxidized 
to  phenothiazine-2-carboxylic  acid  by  hypochlorite. (3) , 


(i) 

(2 
(3 
(4) 
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LAVANDULOL,  a  new  monoterpenic  alcohol 


Lavandulol  is  a  monoterpenic  alcohol  recently  isolated  from 
Lavandula  vera  by  Schinz  and  coworkers  (1,2).   It  has  also  been 
found  in  lavandin  (3). 

Isolation  (1,2). — 1-Lavandulol  constitutes  less  than  one  per 
cent  of  French  lavender  oil,  being  present  in  free  and  esterified 
form.   Isolation  from  the  free  alcohol  fraction  is  unsatisfactory, 
due  to  the  difficulty  of  complete  separation  from  d-borneol. 

To  recover  lavandulol  from  the  ester  fraction,  lavender  oil 
was  treated  to  remove  acids  and  phenols,  aldehydes  and  ketones, 
and  free  alcohols,  and  the  residual  ester-containing  neutral 
fraction  was  saponified.   The  alcohols  formed  were  removed  as 
phthalates,  then  regenerated  and  fractionally  distilled.   The 
lavandulol-containing  fraction  was  purified  by  repeated  conversions 
to  the  allophanate. 

Properties  (1,4). — Lavandulol  is  a  primary,  doubly-unsaturated 
optically-active  monoterpenic  alcohol,  resembling  geraniol  in  odor 
and  in  melting  points  of  derivatives.   It  is  more  stable  than 
geraniol,  from  which  it  differs  in  its  failure  to  react  with  cal- 
cium chloride  or  to  be  destroyed  by  phthalic  anhydride  at  200°.  Oo 
hydrogenation,  exactly  two  moles  of  hydrogen  are  taken  up.   The 
boiling  point  is  about  15°  lower  than  that  of  geraniol,  Indicating 
a  greater  degree  of  branching  in  the  carbon  chain. 

Synthesis  (1,5). — A  more  highly-branched  alcohol  (IV),  whose 


properties  agreed  well  with  those 
by  Ruzicka  and  Roethlisberger  (5) 


of 


lavandulol, 
as  follows. 
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Dehydration  of  III  has  teen  shown  to  give  IV  rather  than  the 
a, ^-unsaturated  compound  (6). 

Proof  of  Identity  (4). — Conclusive  proof  of  the  identity  of 
lavandulol  with  IV  was  obtained  by  comparing  related  products  in 
which  the  asymmetric  center  had  been  destroyed. 

Lavandulol  was  isomerized  to  isolavandulol  (VII)  by  dehydro- 
halogenation  of  the  dibromide.   Assuming  the  structure  IV  for 
lavandulol,  the  reaction  may  be  formulated: 
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2, 6-Dimethyl-5-hydroxymethylheptadiene-2,5    (x)   was  prepared 
synthetically  as   follows. 
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NaNH3 


'/ 


OH.Mgl 


=0 
VIII 


allylic 
rearrangement 


94 


•3- 


CH,OH 


3' 


The    compounds  VII  and  X  were    compared  and   found    to   be 
identical    mall   their  properties,    thus    establishing   the   identity 


of   lavandulol  as   IV. 


„,  Relationship  to  the  Isoprene  Rule.— The  isoprene  rule  was 
rirst  stated  by  v/allach  (7),  who  suggested  in  1887  that  isoprene 
is  the  fundamental  building  unit  of  the  terpenes  and  polyterpene 
Most  naturally  occurring  terpenes  are  composed  of  isoprene  units 
joined  in  head-to-tail  fashion  (A-I).  Nine  "irregular"  arrange- 
ments  are   also    theoretically  possible,    as   classified  by   Schinz 
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The  only  known  naturally  occurring  monoterpenes  not  joined 
in  this  fashion  (A-l)  are  lavandulol  (IV  -  class  A-III),  artemesia 
ketone  (XI  -  class  A-Il),  and  the  bicyclic  fenchone  (XII).   The 
latter  may  be  placed  in  classes  A-II,  A-III,  or  C-I,  according  to 
which  bonds  are  broken. 
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IV  XI  XII 

Lavandulol  is  of  further  interest  as  a  representative  of 
the  only  irregular  group  which  is  related  to  p-cymene  (4).   Further 
work  has  been  done  in  synthesizing  other  terpene-like  compounds  c.c.' 
irregular  structure,  including  several  related  to  m-cymene  (8,9),, 
Study  of  the  properties  of  these  compounds  is  expected  to  facili- 
tate the  search  for  other  irregular  terpenes  which  may  exist  in 
natural  products. 
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M-BROMO  COMPOUNDS  IN  BROMINATION 


In  spite  of  the  importance  of  bromine-containing  compounds 
in  organic  synthesis,  only  a  few  general  methods  are  ordinarily 
used  in  their  preparation.   The  use  of  free  bromine,  HBr,  PBr3, 
and  PBr5  are  the  ones  most  commonly  known.   Another  general  class 
of  brominating  agents  which  have  been  extensively  examined  are 
those  of  the  N-bromo  type. 

Quinollne  and  Pyridine. — When  bromine  is  dissolved  in 
pyridine  (or  quinollne)  plus  HBr  a  compound  C5H5NBr2»HBr  is  formed 
in  which  the  bromine  is  present  in  the  form  of  a  loose  molecular 
compound.   The  salt  can  be  isolated,  but  usually  the  solution  is 
used  directly  for  bromination.   This  bromination  occurs  at  low 
energy  levels  and  under  very  mild  conditions,  but  the  reaction  is 
still  that  of  free  bromine.   This  method  has  been  used  for  mono- 
and  di-brominatlon  of  phenols  and  aromatic  amines,  and  also  for 
the  preparation  of  organometallics  such  as  tri-aryl  stannic 
bromide  from  tetra-aryl  tin.1*2*3 

N-Bromo-amides,  imides,  sulfonamides. — Compounds  of  this  type 
give  up  their  halogen  easily  and  have  been  used  for  this  reason. 
Wohl4  used  N-bromo-acetamide  to  convert  phenol  and  anisole  to 
their  ]D-bromo-derivatives.   Also  he  established  the  fact  that  in 
tetra-methyl-  or  trl-methyl-ethylene ,  N-bromo-acetamide  substituted 
a  hydrogen  in  one  of  the  methyl  groups  to  give  a  compound 

xCH2Br 
(CH3)2C=C      .   However,  the  yield  was  low  since  there  was  much 

CH3 
polymerization.   Steinkopf5  reported  the  successful  halogenation 
of  thiophene  with  N-chloro  and  N-bromo  acetamide.   Also  recently 
Woodward6  has  obtained  a  dibromo  derivative  of  cc-estradiol  by  the 
same  means.   But  the  difficulty  of  preparing  N-bromo-acetamide 
limits  its  use. 

Ziegler  and  coworkers7  in  order  to  determine  if  the  hydrogen 
on  a  carbon  adjacent  to  an  olefinic  linkage  could  be  replaced  in- 
vestigated other  bromoamides.   Using  first  N-bromo-phthalimide 
and  cyclohexene  as  the  olefin,  he  obtained  a  50^  yield  of  the 
substitution  product  (I)  and  20^  of  the  addition  product  (II). 


C~>Br 


X>K* 


H 

II 


Other  imides  and  sulfonamides  resulted  only  in  the  formation 
of  addition  products  plus  varying  amounts  of  the  desired  compound. 
Then  N-bromo-succinimide  was  tried  and  gave  exclusively  allyl 
substitution.   Similar  imides  of  glutaric,  adipic,  and  hexahydro- 
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phthalic  acid  gave  the  usual  mixture.   Also  the  N-chloroimide  re- 
leased its  halogen  only  under  very  drastic  conditions.   The  N- 
bromo-succinimide  is  easily  made,  contains  46%   bromine  and  gives 
only  substitution  products.   The  course  of  the  bromination  re- 
action can  be  followed,  for  the  bromimide  is  soluble  in  the  CC14 
solvent,  while  the  resulting  succinimide  is  not. 

N-Bromo-Succinimlde7""17. — The  general  equation  for  the  re- 
action is  as  follows. 


CHjg— CL  v  CH2C 

NBr   +  ^C=C-CHa-  -*  X*C-CH-   +      )NH 
CH2-C^       'I  '  hv  ch8q/ 


These  substitutions  are  effected  through  the  simple  heating  of  the 
two  compounds  in  CC14  as  a  solvent.   Reactive  solvents  cannot  be 
used,  nor  can  compounds  be  brominated  which  contain  a  free  -NH3, 
-OH,  or  -COCH  group,  for  then  HCEr  is  formed  followed  by  addition 
to  the  olefinic  bond.   All  olefins  except  propylene  are  readily 
brominated  in  the  allyl  position.   Methylene  groups  are  brominated 
in  preference  to  methyl  groups.   Also  multiple  brominations  of 
mono-oief ins  can  be  accomplished  either  through  the  use  of  two 
moles  of  bromimide  or  by  further  bromination  of  the  purified  mono- 
bromide.   Methyl  or  methylene  groups  next  to  conjugated  double 
bonds  are  not  brominated  nor  are  tertiary  hydrogens  replaced  by 
Ziegler's  procedure.   Karrer  and  Schmidt14  however  found  that  both 
of  these  brominations  would  occur  if  the  reaction  were  catalyzed 
by  benzoyl  peroxide.   Iieystre11f ound  in  certain  cases  that  ultra- 
violet light  would  also  catalyze  the  reaction. 

Besides  strictly  allyl  bromination,  other  highly  activated 
hydrogen  atoms  can  be  replaced.   Those  activated  by  carbonyl 
groups  or  by  aromatic  -CH  or  -NR2  groups  are  brominated  readily. 
For  instance,  phenolic  ethers  and  acetates,  and  also  dimethyl 
aniline  are  brominated  in  the  ^-position.   Side  chains  of  aro- 
matic hydrocarbons  such  as  in  ^-methyl  naphthalene,  and  £-nitro- 
toluene  are  brominated,  as  well  as  side  chains  of  heterocyclics 
such  as  cc-picoline,  2-methyl  thiophene  and  2-methyl  furan.   With 
peroxides  even  toluene  is  converted  to  benzyl  bromide. 

1  O,  16 

Buu-Hoi      also  showed  that  aromatic  hydrogen  can  be  re- 
placed by  bromine,  if  the  hydrogen  is  mobile  enough.   In  this 
manner  9-bromophenanthrene,  9-bromoanthracene,  a-bromonaphthalene, 
2-bromothiophene,  and  5-bromoacenaphthene  among  others  have  been, 
prepared.   Benzene  itself  is  not  brominated. 

The  mechanism  of  the  reaction  appears  to  involve  free 
radicals,  but  no  actual  mechanism  has  been  presented  at  this  time. 
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THE  CHEMISTRY  OF  THE  CINMOLINES 

The  cinnolines  are  derivatives  of  a  binuclear  heterocyclic 
base  containing  two  vicinal  nitrogen  atoms.   The  parent  compound 

(I)  has  been  prepared  by  two  methods.  ^     compound 
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mn      Cinnoline   is  a  pale  yellow   solid  melting  at  39°  under  nitro- 
f^'„      ?   exP°surf   to  air  at   25°  it  liquefies  within  30   seconds 
and  darkens  rapidly.      It   is  a   strong  base,    forming  a   stable   salt 
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groups  R1   and  R3,    the   effects   of   which   are    shown  in   the   table. 
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a-pyridyl,a-quinolyl 


Result 


No  cinnoline 
C03H  phenyl, m-tolyl  Pschorr 

CH3   H  Cinnoline 

0     H,CH3,0,0CH3,a-naphthyl  Cinnoline 


Br 


4-0-cinnoline 
with  loss  of  Br 


In  summary:   Cinnolines  are  not  formed  when  Rj  is  either  H 
or  CCOH,  and  R3  is  aryl  or  another  negative  group;  when  Rx  is 
alkyl  or  aryl  (either  cis  or  trans  isomer)  the  tendency  to  form 
cinnolines  is  greatly  increased. 

2.  o-Aminoacetophenones,  by  a  similar  process,  frequently 
yield  4-hydroxy  cinnolines. 


R- 


(R) 


N> 


H. 


+   - 
Ha  X 


The  reaction  gives  fair  yields  of  the  cinnolines  (70-90^) 
when  R  is  CI,  Br,  CN,  and  N03.   By  using  the  proper  starting  materi- 
als, 5-sutstituted-4-hydroxy  cinnolines  can  be  made.  o,yj,    and 
2,3-diaminoacetophenone,  and  6-aminoveratrone  failed  to  yield 
cinnolines.   o-Aminoacetophenone  is  a  borderline  case,  giving  about 
10^  of  4-hydroxycinnoline,  and  a  large  amount  of  phenolic  oil. 

Two  factors  are  important  to  the  success  of  the  reaction. 
First,  and  the  more  important,  is  the  reduction  in  strength  of 
the  ketonic  base  resulting  when  electron  attracting  substituents 
are  present  in  the  5  and  5  positions  (o  and  £  to  the  amino  group). 
Second,  is  the  ease  with  which  enolization  of  the  ketonic  side 
chain  occurs.   In  the  cases  mentioned  this  factor  does  not  seem 
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to  be  of  primary  importance, 
not  been  determined. 


The  effects  of  4-substituents  have 


3.  Richter  Reaction:   Cinnolines  may  be  prepared  from  o- 
aminophenylpropiolic  acids.   This  method,  discovered  in  1883,  is 
an  old  one,  but  is  rarely  used  because  of  the  difficulty  in  pre- 
paring the  starting  compounds. 
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Reaction  of  Cinnolines. — 1.  Oxidation:   The  nitrogen  con- 
taining ring  is  stable  to  oxidation. 
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2.  Reduction:   Mild  reduction  with  zinc  and  potassium 
hydroxide  saturates  the  nitrogen-nitrogen  double  bond.   Many  metal 
and  mineral  combinations  can  be  used,  but  an  excess  of  these  re- 
agents sometimes  cleaves  the  nitrogen-nitrogen  bond. 

3.  Nuclear  Replacement  Reactions:   The  reactions  of  4-hydroxy- 
cinnoline  have  been  studied.   The  hydroxyl  can  be  acetylated,  or 
replaced  by  halogen,  which  in  turn  can  be  replaced  by  methoxyl  or 
anilino  groups.   Treatment  with  nitric  and  sulfuric  acids,  or  with 
alkali  and  dimethyl  sulfate  gives  the  transformations  shown  below. 


OgN-/? 


HNO; 
*r- 


N     K2S04 


(CH3)2S04 
NaOH 

(minimum^ 
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6-Nitro-4-hydroxycinnoline  upon  methylation  with  dimethyl 
sulfate  gave  a  mixture  of  isomeric  methyl  ethers  postulated  as  II 
and  III. 


02K  ^ 


^ 


Pale  yellow 
M.P.  183° 


H3 


CH30N 
0' 


'N 


0 


V 


orange 
M.P.  225° 


II 


III 


4.  Reaction  with  Pyridine  and  Acetic  Anhydride:   4-Hydroxy- 
cinnoline-3-carboxylic  acid,  pyridine  (or  quinoline),  and  acetic 
anhydride,  when  heated  together  give  a  product  postulated  as  IV 
or  V.   This  reaction  is  specific  for  the  4-hydroxy-3-carboxylic 
acids.   Without  the  carboxyl  group,  the  hydroxyl  is  merely 
acetylated. 


00 
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General ♦ — Boehm  (l)  pointed  out  that  the  curares  were  of 
three  kinds  depending  upon  the  method  used  for  their  storage. 
Tubocurare  was  the  name  given  to  that  preparation  which  was  put 
up  in  "bamboo  tubes.   The  name  Calabash  curare  referred  to  that 
which  was  put  up  in  gourds.   The  third  type  of  curare  was  put  up 
in  earthenware  crocks  and  called  Potcurare. 

Botanical  origin. — The  Tubocurare  and  potcurare  are  chiefly 
obtained  from  various  species  of  Chondodendrons,  whereas  the 
Calabash  curare  is  prepared  from  various  species  of  Strychnos. 
Folkers  (2)  has  shown  that  many  species  of  the  genus  Strychnos 
possess  curare-like  activity,  and  Wint ersteiner  (3)  has  isolated 
a  number  of  alkaloids  from  Chondodendron  which  had  previously  been 
found  in  Indian  preparation  of  curare. 

Physiological  activity. — Curare  has  a  powerful  lissive  (re- 
la  xi  ngyactrorrTn~The~VoTun  tar  y  muscles.   It  is  expected  to  be- 
come a  valuable  therapeutic  agent  in  the  treatment  of  spastic 
paralysis,  convulsions,  and  shock.   The  nonunif ormity  of  the  crude 
preparations,  their  varying  physiological  activity,  and  uncertain 
chemical  composition  has  restricted  the  useful  exploitation  of  the 
material  until  recently. 

Chemical  constituents. — From  Calabash  curare.  Wieland  et  al 
(4)  has  isolated  and  named  the  following  products:   C-curarine  I, 
C-curarine  II,  C-curarine  III,  C-toxif erine,  C-dihydrotoxif erine, 
C-isodihydrotoxiferine.   The  structures  of  these  substances  has 
not  been  elucidated,  but  the  chemical  reactions  seem  to  indicate 
that  they  are  of  the  strychnine  type. 

Boehm  (l)  obtained  two  quaternary  bases  from  Potcurare  which 


he  called  protocurine,  m.p.  306 
King  (5)  isolated  an  additional 
and  called  it  neoprotocuridine, 
protocuridine  to  have  structure 
These  substances  have  only  mild 


275°. 


,  ^.^  r*~"~ — -  -~-**w,  m.p 

alkaloid  from  this  same  curare 
m.p,  232°.  King  has  shown  neo- 
I,  and  protocuridine  structure 
curare-like  activity. 


II. 


••  '■  *'- ,- 
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Two   closely  related   substances  have   been   isolated   from  tubo 
curare .      They   are   1-curine  and  d-tubocurarine   chloride,    structures 
III  and   IV  respectively.      This   structure   for   curine  was   shown  by 
Spath  and   Kuffner    (6)    on   the  basis   of  degradation   experiments,    and 
the   tubocurarine   chloride  was   isolated  and   its   structure  proven  by 
King   (5). 


H, 


CH- 


H 


< 


-0- 


-0- 


CH3 
CI"     >N 
CH3^ 


IV 


Chemical  degradation  of  tubocurarine. — Tubocurarine  chloride 
upon  methylation  followed  by  one  stage  of  Hofmann  degradation 
yielded  three  methyl  iodides  found  to  be  identical  to  three  methyl 
iodides  obtained  by  a  similar  degradation  of  d-bebeerine.   It  was 
shown  that  d-bebeerine  upon  methylation  followed  by  two  stages  of 
Hofmann  degradation  yielded  a  substance  V.   Other  reactions  fol- 
lowed. 
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CH9=CH 


[0] 


[a0/<  \cooh 

C0CH  ch3o 


CHgO 


/ . 


COOH 


V   VOCH. 


x 


-C-H 

OH  COOH 


CHcO 


CHoC 


^ 


/, 


COOH 


COOH 


0 


v 


COOH 


CH30.v 


KOOC 


COOH 


OCH- 


decarbox. 


CH,0 


CH,0," 


Faltis  (7)  obtained  similar  results  by  the  degradation  of 
structures  VI  and  VII  obtained  from  d-bebeerine  by  methylation 
followed  by  a  Hofmann  degradation,  an  ozonation,  another  methyla- 
tion,  and  then  another  Hofmann  degradation. 
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CH,0 


0 


v 


CH=CH 


COCH      CH30 


CK30 


CH=CH2 
/?\  COOH 


T 


CK 


V 


decarbox. 


COCH 
VI 


^y 


COCH 


CH=CH2 
0\ 


[0] 


VII 


? 


CH30-^ 


COOH 


decarbox 


CHaO 


CHnO 


s\ 


0 


Summary. — The  structures  of  the  other  curare  alkaloids  of  the 
bisbenzylisoquinoline  type  were  arrived  at  by  a  similar  series  of 
reactions.   Of  the  stereoisomers  which  are  possible  for  these 
types  of  compounds  only  a  few  have  been  isolated. 
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THE  BASIS  FOR  THE  REPORTED  OPTICAL  ACTIVITY  OF  THE 
SALTS  OF  ALIPHATIC  NITRO  COMPOUNDS:  2-NITROOCTANE1 


Aliphatic  nitro  compounds  having  an  cc-hydrogen  atom  are 
readily  soluble  in  alkali,  presumably  according  to  the  equation 


Rf  ^0 
R-C-N    +  NaOR" 


H 


^, 


R/°- 

-N 
^0 

1 

R\ 

c= 

* 

^0 

Na+  +  R"0H. 


Apparently  contradic 
ported8  in  1927  that  opti 
optically  active  sodium  s 
This  salt  was  transformed 
active  2-bromo-2-nitrobut 
1930  by  a  similar  study  u 
again  optically  active  so 
cally  active  2-bromo-2-ni 
addition,  the  active  sodi 
nitrotfctane  having  about 


ting  the  struction  of  ion  I,  it  was  re- 

cally  active  2-nitrobutane  gave  an 

alt  when  treated  with  sodium  methoxide. 

by  the  action  of  bromine  into  optically 
ane.   These  findings  were  confirmed3  in 
sing  optically  active  2-nitro6ctanee   Her1 
dium  salts  were  obtained  which  gave  opti- 
trotictane  on  treatment  with  bromine.   In 
um  salts  were  converted  back  to  active  2- 
24^  of  the  original  rotation* 


This  unexpected  retention  of  configuration  by  the  salts  of 
nitroparaf fins  cast  a  rather  serious  doubt  on  the  structure  of 
ion  I,  since  a  resonance  hybrid  of  this  kind  would  be  planar  and 
therefore  not  capable  of  optical  asymmetry.   Conseouently  alter 'ac- 
tive structures  were  proposed  for  this  ion  in  which  the  asymmetry 
of  the  carbon  atom  is  retained  either  by  coordination  with  a  sol- 
vent molecule  (II),  or  by  leaving  the  asymmetric  center  unaffected 
(III). 


■rt 

L 

R' 

-6- 

•  • 

■N 

Na 

+ 

Ru0H    -> 

R-C-N 

:    ^o 

R-C-N 
&    *0 

+ 

/ 

NaOR" 

—       — »  _ 

H-0-Rrt 
II 

\i 

R- 

-c- 

( 

H 

/0 

•N-0- 

x^0 

1 
-R"j 

Na 

Na 


+ 


III 


'  • 


2- 


partial  retenUon'of Ko™flu?  *nd   coworkers  that   the  observed 

SfgfrH  S"f"-"  «Ki!\H  SCSI'S.., 


the    levo^oler'fbecau^oi    ™r?i  I*  &   lower ^peoif  ic  rotation  thai, 
tion),    tut   formation *of   the  llllli   ^ITTl'T^^  "S  pre^" 

sas  skk1-  -""  •^^^s-.s  &■» fol~ 

underwent  no   further  loss   of   rotation.  second   time,    ,  ;, 

the  reaction  of   ^hJSS8?*   imPur"y  of    the   material  prepared  by 
veitl^tlon  o?   tt broffi°8°tane  w"h   silver  nitrite,    a   careful   in- 

desirld   "ni?ro/V?i        Uf  ?,WaS   °arrled  ouU      In  addition   to   the 
aesirea  ^-nitrooctane  and   the   expected  2-octyl  nitrite     at   ]„,• 

2^ctvl   nit.°?mp°UnaS.'rre  present-      2-Octanol,    2-octanone  ant 
-enaraied   from  p"nf,e   lde?tified,    the   last  of  which   cannot  be 
procedure   useS  t   tl     ^fT  ^  fracti°nal  distillation    (the 

w^  2Wffi0S.n0tlgJS   !St1.t0   the    £a"S   °f   — -oSc^ne 

was    st?r?ed°wiethh?i«P^  1""   ^°Sjhe   2-nitroBctane,    the  mixture 
c     or     lolu  1'n  S^o1^8!?     %.£fi&  ^tollS  e?^ 

sodiumhhvdrovfi'ed  m?terial  was  completely  soluble  in  \0%  aaueous 
or  optical  actlvi?vUto°2'  and0the  ^suiting  solution  was  devoil 
bromlno?ann   S     Vt    Y"      2-Brorao~e-ni trooctane  was   obtained  on 

E     ;°"J    the^°d^m    Ealt   and    "   was   *ls0    completely   inactive 
Ethanolic    sodium   ethoxide  had   the    same  effect   as   the   sodium 


:*f. 


■ .  i 


"—  y    ->  •■ ...  ■.-    ■> 
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hydroxide,  and  the  2-nitro6"ctane  regenerated  on  acidification  of 
the  sodium  salt  was  completely  racemic. 

Thus  it  should  probably  be  concluded  that  the  anion  of  the 
alkali  salts  of  the  nitroparaf fins  has  essentially  the  resonating 
planar  structure  represented  by  I. 
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CYTISINE 


Cytisine  is  the  natural  alkaloid  of  the  ornamental  laburnum 
tree  and  many  other  plants  and  woods.   Its  physiological  activity 
is  very  similar  to  that  of  nicotine  although  the  two  compounds  are 
not  chemically  related.   Local  anaesthetics  which  have  pronounced 
activity  tut  less  toxicity  than  cocaine  have  been  synthesized  from 
cytisine  (1). 


The  compound  was  first  isolated  in 
reactions  are  outlined  below  (2,3,4). 


1865  and  its  first  known 


C11H14ON2 


HI  +  P 


250° 


CH. 


+ 


IT  t)H 


CH3 


NH- 


Cytisine 


Cytisoline 

(CuKnON) 


a-Cytisolidine 

(CUH15N) 


£-Cytisolidine 
(GiiHuN)' 


H2S04 
HN03  (1  drop) 


Carmine-red  color 
typical  of  substit- 
uted tetrahydro- 
quinolines. 


Examination  of  the  empirical  formula  of  cytisoline  showed  that 
in  cytisine  itself  there  was  a  nitrogen  atom  still  to  be  accounted 
for,  the  nature  and  position  of  which  was  unknown.   Other  workers 
(5.6)  carried  out  the  reactions  outlined  in  eouations  (a)  through 

U5. 


Cytisine 


/P 
CK3C-CI 

HONO 


mono  acyl  derivative 


mono  nitroso  compound 


(a) 


(b) 


Zerevitinoff 


one  active  H 


(c) 


-2- 


i  11 


HC1  or  HBr 

— > 
200  -  250° 

Carbonyl  reagents 


KMn04 

Hofmann  Exhaustive 
Methylation 


no  decomposition 


no  reactions 


no  benzene  carboxylic 
acids 


CaaHaaOaNa  +  (CH3)3N 


(d) 

(e) 

(f) 
(g) 


On  the  basis  of  equations  (a)  through  (e)  Spath  reasoned  that 
the  oxygen  in  cytisine  might  be  an  a-pyridone  type.  He  postulated 
structure  I  for  the  alkaloid,  from  which  cytisoline  could  arise 
by 
expu. 


•ucture  i  i or  tne  alkaloid,  irom  wnicn  cytisoline  could  arise 
the  migration  of  a  methyl  group  to  position  8  together  with  the 
sulsion  of  ammonia  (7). 


NH—  6H2 


On  the  other  hand,  from  the  data  of  equations  (f)  and  (g), 

Ing  suggested  that  perhaps  the  quinoline  nucleus  did  not  appear 

as  such  in  cytisine  at  all,  but  that  the  alkaloid  was  a  substituted 
pyridone  such  as 


5 
CH; 


NH 


At 

CH. 


V\ 


6CH.— CH   N 


4    fi 


or 


B 


On  this  basis  the  action  of  HI  and  phosphorus  to  give  a  6,8-di- 
methylquinoline  seemed  possible  since  these  reagents  are  known 
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to  remove  an  imino  group  as  NH3  and  to  break  a  C-N  link.   This 
complete  reaction  series  could  be  written: 


CH8 

NH    M 

CH3V^X 

!   I 


CHo— C- 


-N 


CH. 


\ 


N^  OH 


HI  +  P 
230° 


CH 


CH3I 
6H 


V 


ICH3-C-IHN 
fcHa  V 


0 


CH- 


CH^ 


N 


Y 


CH3\  yI 
CH3  C H3 I 


ICH3-CH 


N 


\y 


OH 


ICH3-CH 


Of  the  two  formulae,  Ing  favored  B  because  on  two  exhaustive 
methylations  and  after  one  double  bond  was  formed,  the  material 
dimerized  from  which  he  reasoned  that  there  was  only  one  hydrogen 
beta  to  the  amino  group  (8). 


0H~ 

(CH3)aN-^  /CH 
I    CHaV 

CH3-i—  N, 
CHa 


Y 
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tY^3 


(CH3)3NCH3-9 N 

'H3 


CH- 


N (  -CH=CH-  , ft 


CH. 


V 


CH- 


6 


6 


CH3 
CH  V^\ 


(CH3)3NCH3Q N 


+     (CH3)3N  «- 


CHa   \/ 


1.  CH3I 

2.  Ag30 

3.  Heat 


(C33H3303N3) 
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Subsequent  work  by  Spath,  however,  showed  that  the  appearance 
of  the  dimerization  product  which  Ing  obtained  had  been  interpre- 
ted incorrectly.   By  conducting  a  Hofmann  degradation  under  special 
conditions  he  showed  that  methylcytisine  methohydroxide  lost  water 
on  heating  in  vacuo  at  90°  to  yield  an  unsaturated  base.   This  was 
then  hydrogenated  catalytically  to  the  dihydro  compound  and  again 
subjected  to  the  degradation.   This  step  went  smoothly  to  give 
trimethylamine  and  another  unsaturated  base.   This  showed  that  the 
hydrogenated  ring  must  have  had  hydrogen  atoms  in  both  beta  posi- 
tions to  the  N  atom,  a  condition  not  fulfilled  by  Ing's  structure 
B  (9).   These  reactions  may  be  shown  schematically  as  follows. 


OH" 


(CH3)3  N 


+  /C-6- 


(CH3)2N 


•c=c 


-6-c- 
1  6 


1.  H2,  Pd 

2.  CH,I 


3.  Ag20 

4.  Heat 


H  H 

■fc-fc- 

c=c- 
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Spath  also   showed  by  a  Herzig-Meyer   test   that   the   hydrogenated 
product   of   the    second  degradation   had  no  N-methyl  quinoline    system, 
indicating  that   the   N   of   this   compound  was   common   to    two   rings. 
This  was   confirmed  by  reducing  cytisine   at   the   Pb   cathode   to 
tetrahydrodesoxycytisine  which  after  a  degradation-reduction-de- 
gradation  cycle   yielded  a  base   exhibiting  two  double   bonds   and 
one  N-methyl   group.      This   indicated   that    (a)    an  -NH   in  cytisine 
was   split   off  with   the  formation   of   a  double   bond,    (b)    a  ring  of 
which  the    tertiary  N  atom  was  a  part  was  broken  open,    and    (c) 
no  N-methyl  was  present   in   cytisine   or   hydrogenated   cytisine. 

From  this  work  formula  B  was  abandoned  and  these  reactions 
are  illustrated  with  formula  A,  which  is  the  accepted  structure 
for   cytisine. 


CH2-CH- 
U'A     6h2 


6hp-gh-cHp-n 


Cytisine 


Pb 
cathode 
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CH8-CH— 

ita    6h2 
chp-6h-cHp-n 


Tetrahydrodesoxycytisine 
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ch.i 
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Heat 
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3.  Heat 
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(CH3)aNCH3CK 
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CH, 


(CH3)2NCF^CH-CH, 


/ 
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des-N-dimethyl   tetra- 
hydrodesoxycyti  sine 


J . 
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^CH  /CH2 


(CH3)3N      +      CK3-CH-     --Cn    ^CH2  2H3      CH3-QH-        -  CH3XCH3 

CHa  i  -»  CKa  ! 

CH3=6-CH3-N        CK3  Pd        CH3-Ca-CH3-N        CH3 
|XCH3  |XCHS 

CK3  CH3 

Ci2H35N 

Other  workers  have  substantiated  this  structure  for  cytisine 
(10-15). 

All  attempted  syntheses  of  this  alkaloid  have  so  far  been 
unsuccessful  (16-18), 
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STERIC  INHIBITION  OF  RESONANCE 

If  an  aromatic  amine  or  nitro  compound  has  a  bulky  ortho 
substituent,  the  steric  hindrance  thus  produced  tends  to  prevent 
coplanarity  and  thus  inhibits  resonance.   Thus  the  carbon  to 
nitrogen  bond  will  have  less  double  bond  character  and  the  group 
will  have  a  smaller  activating  effect  on  the  ring.   This  phen- 
omenon explains  many  chemical  and  physical  properties  of  com- 
pounds in  which  resonance  is  sterically  hindered. 

Compounds  such  as  4, 6-dinitro-m-xylene  and  2,4, 6-trinitro- 
m-xylene  will  condense  with  benzaldehyde  in  the  presence  of 
piperidine  whereas  dinitro  and  trinitromesitylene  in  which  each 
nitro  group  has  two  methyl  groups  in  the  ortho  position  fail  to 
undergo  this  condensation.1 

Verkade  found  that  ortho-  or  para-nitroacetanllides  could  be 
deacetylated  by  heating  in  ethanol  containing  3  molar  per  cent  of 
sodium  ethylate.   However,  if  ortho  substituents  hinder  either  the 
nitro  or  acetamido  group  from  becoming  coplanar  with  the  benzene 
ring,  the  compound  fails  to  undergo  the  reaction. 

From  a  study  of  reaction  constants,  Holleman6  found  the 
chlorine  in  2, 6-dichloronitrobenzene  to  be  less  reactive  toward 
sodium  methylate  than  were  the  2,3;  2,5;  3,4;  and  2,4  isomers. 

In  phenols  the  contribution  of  those  resonance  hybrids  which 
have  the  quinoid  structure  favors  the  ionization  of  the  compound.8 
One  function  of  a  nitro  group  in  an  ortho-  or  para-position  is  go 
enhance  resonance  so  that  the  quinoid  structure  makes  a  larger 
contribution  which  in  turn  would  increase  the  acidity  of  the  com- 
pound.  If  the  nitro  group  were  sterically  hindered  from  becoming 
coplanar  with  the  ring,  the  effect  due  to  resonance  would  be 
diminished.   Table  I  shows  that  this  is  found  to  be  true  experi- 
mentally. 

TABLE  I8 

Compound     pKa        Compound  pKa  s\  pKa 

phenol  9.97  p_-nitrophenol  7.21  2.76 
m-2-xylenol  10.60  5-nitro-m-2-xylenol  7.16  3.44 
m-5-xylenol   10.09   2-nitro-m-5-xylenol   8.24   1.85 

In  aromatic  amines,  resonance  would  stabilize  the  molecule 
with  respect  to  the  ion.   Thus  if  the  resonance  of  an  aromatic 
amine  is  inhibited,  the  compound  becomes  more  basic.   This  is 
shown  by  Table  II. 
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TABLE  II3'4' 

1  ',8 

RNHg 

pKa  of 

RNH2 

pKa  of 
RN(CH3)3 

A 

PKa 

pKa  of 

RN(C3Hs)a 

A 

pKa 

(water  solution) 

aniline 

o-toluidine 

p_-toluidine 

4.58 
3.39 
5.12 

5.06 
5.86 
5.50 

0.48 
1.47 
0.38 

6.56 
7.18 
7.09 

1.98 
2.79 
1.97 

(50 

per  cent  el 

chanol 

solution) 

aniline 

o-toluidine 

m-2-xylidine 

m-4-xylidine 

m-5-xylidine 

p_-xylidine 

4.25 
3.98 
3.42 
4.61 
4.30 
4.17 

4.26 
5.07 
4.69 
5.28 
4.48 
5.19 

0.01 
1.09 
1.27 
0.57 
0.18 
1.02 

In  aromatic  amines  and  nitro  compounds  resonance  would  tend 
to  increase  the  dipole  moment.8   The  dipole  moments  of  various 
substituted  benzenes,  durenes,  and  mesitylenes  are  listed  in 
Table  III.   In  the  compounds  containing  bromine  no  steric  in- 
hibition of  resonance  can  occur,  and  the  moments  are  about  the 
same;  whereas  in  the  nitro  and  dimethylamino  substituted  mesity- 
lenes and  durenes  the  moment  is  smaller  than  that  of  the  corres- 
ponding benzene  derivative  in  every  case. 

TABLE  III3*5,8 


X 

y 

K 

-C6H4XY 

C6(CH3)4XY 
(durene) 

CeH2(CH3 ) 3X 
(mesi tylene) 

N03 

K 

3.95 

3.39 

3.64 

N(CH3)a 

H 

1.58 



1.03 

NH2 

H 

1.53 

1.39 

1.40 

Br 

H 

1.52 

1.55 

1.52 

N03 

N(CH3)2 

6.87 

4.11 

N02 

NH2 

6.10 

4.98 

Table  IV  shows  that  the  substitution  of  a  nitro  or  dimethyl- 
amino group  on  an  aromatic  ring  causes  a  smaller  increase  in  the 
molar  refractivity  if  one  or  both  of  the  ortho  positions  are  sub- 
stituted.  In  each  case  the  atomic  refractivity  of  the  entering 
group  is  nearer  to  the  value  it  would  have  in  an  aliphatic  com- 
pound. 
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TABLE  IV7 

Compound 

(Rl)d 

^ 

Compound 

(Rl)d 

/\ 

benzene 

26.18 

benzene 

26.17 

nitrobenzene 

32.74 

6.56 

dimethyl aniline 

40.45 

14.68 

raesitylene 

40.76 

m-xylene 

35.93 

nitromesitylene 

46.98 

6.22 

dimethyl-m-5-xylidine 

50.58 

14.65 

1,3-dichlorobenzene 

36.16 

dimethyl-m-4-xylidine 

49.55 

13.62 

5-nitro- 

42.94 

6.78 

dime thy l-m-2-xylidine 

48.99 

13.06 

2-nitro- 

42.32 

6.16 

2~ xylene 

35.95 

chlorof orm 

21.40 

dimethyl-jD-xylidine 

49.61 

13.62 

chloropicrin 

27.32 

5.92 

toluene 

31.06 

chlorobenzene 

31.38 

dimethyl-£-toluidine 

45.68 

14.62 

dime  thy  l-.o-chloro- 

dimethyl-m-toluidine 

45.68 

14.62 

aniline 

44.95 

13.57 

dimethyl-_o-toluidine 

44.62 

13.56 
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RECENT   STUDIES   IN  BIOTIN    SVNTHESIS 


Blotin,    a  member   of   the   Vitamin  B   Complex   group,    has  been 
shown   to  possess   structure   I    (1,2).      Since   one   synthesis   of 
blotin  has   been  presented   previously   (3),    this   seminar  will 
discuss   only  some   of    the   recent   studies   involved    in   two  addi- 
tional  syntheses    of  blotin. 


HNi"*  s'NH 


HC 

I 

H3C 


:CH 


(CH3)4-CCOH 


8 


HN 


\ 


NH 


HC-CH-(?H 
£      COOH 

HC-CH2 

HC-CH3 
CH3 


HN 

i 
HC 

I 

HaC 


NH 

I 

CH 


II 


?        /CH3 
CH-Q— CH 
S  COOH^CH3 


III 


a-  and    e-31otln. — It  has   been   shown  recently   (4)    that  a 
second   yeast  growth   factor  may  be   isolated  from  egg  yolk  with 
similar   physiological   functions  but  with   one-half   the   yeast 
growth  activity  of   I.      The    structure    of    this  material  has   not 
been   fully  determined  but   Kflgl    (5)   has   oroposed   structures   II 
or   III  with   the    most  recent  work   favoring  III. 

Kogl  has    suggested  that    the   substance   isolated  from   egg 
yolk  be  designated  as    "cc-biotln"   and  that  from  liver   (I)   as 

p-biotin."      The   German   literature   uses   this   terminology  but 
these   terms   do   not  appear  in   the  American  journals.      In  this 
seminar  we    shall  discuss    only   the  compound  represented  by 
structure    I,    known   in   the    American  journals   simply  as  biotin. 

Stereochemistry   of  Blotin. —Blotin  contains    three   asvm- 
metrlc  carbon   atoms    (carbons   2,    3,    4   in   structure   I)   and  could 
theoretically  exist   in   eight    stereoisomeric  forms.      Schemati- 
cally  these    eight   forms    (four  racemic   mixtures)   may   be   repre- 
sented as   follows: 


y\. 


(dl) 

A 


^H 


(dl) 
B 


-2~ 
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!  M 


:  O 


(dl) 

c 


'H 


^o        (dl) 
D 


In  structures   A  and  B   the   two  rings   ( thiophane    and    lmid- 
azolldone)   bear   a  cis   relationship  to   each  other   with  the   side 
chain  above   the   plane   of   the    thiophane   ring  in  A  and  below   the 
plane    in   structure   B.      Both  A  and  B   represent   the  less   strained 
arrangements   of    the  biotln  molecule.      Structures   C   and   D, 
representing   the  corresponding   trans   configurations   of   the 
fused  rings,    are   more   highly   strained  molecules   and   are   com- 
paratively unstable. 

The  Merck  group   had    obtained,    by   their   synthetic  proce- 
dure   (3),    three   of  the  above   four  possible   racemic  mixtures 
(6,7).      dl-Blotln  was   found   to  belong  to   the   series    in  which 
the    thiophane   and  the  imidazolidone  rings   are   cis   to  each  other 
(A   or  B),   while   the   other  two   Isomers  which  were    isolated 
(dl-allobiotln  and    dl-epiallobiotln)  were   found  to  belong  to 
the    trans   system    (C  and  D).      At   the   present   time   the  configura- 
tion  of   the   side   chain  about   carbon  2   In  all  of  these    structures 
is    not   known. 


Synthesis    of  Grtissner  and   Coworkers. — A  synthesis    of  biotln 
(P),   based  on   earlier  studies   of   Karrer  and  coworkers   (9,10,11, 
12,3),    has  recently  been  published  by  Grtissner  and  coworkers. 
This   synthesis  was   carried  out    as   follows: 


CCOR 
HC C=0 


HCN 


H9C. 


CHR 


./ 


cyanohydrin 
II 


HCl 


[  ami  de  ] 
III 


R     =  -CH3   or   -C3H5 
R»    =  -(CH2  )40CH3 


CO  OR  QOOR 
HC C-H 

i         1 

2C          CHR' 
^S" 

VII 

H3NNH3 

Red'n. 


chloride 


VI 


S0Cla 

pyridine 


[acid] 

IV 

ROH 


COOR     QOOR 
HC C-OH 

i       1 

H3C  CHR' 

V 


^A 


03?  ■■':,"' 


"•'   ^         ■-•         .-/v 


1 20 


i 


Dihydrazlde 
VIII 


KCN 


nit  rile     <- 


HONO 


9 
HN        NH 


HC CH 


-3- 


[Di-azide] 


C=HKOH 


'3"5 


CCCl, 


H3C        CH-(CHa)3-CH8Br 
XSX 

XII 


Diure  thane 
X 

HBr 

^H2-HBr  ^IHg-HBr 
HC CH 

HSC  CH-(CH3)3-CH2Br 


XI 


XIII 
HoO 

Bio tin 
XIV 

By  appropriate    separation   of  isomers    these    investigators 
obtained  three    racemic   products    (XIV)    one   of  which  was    shown   to 
be  dl-biotin   and   two  raceraates  which   have  been  designated  as 
dl-iso-p-biotin   and   dl-'f-p -biotin.      These   Swiss  workers   likewise 
did  not  obtain  a  fourth' racemate  from   their  synthetic  procedure. 
The   biotin    isomers    (dl-iso-p-biotin  and    dl-^-f -biotin)   did  not 
correspond   to    the   biotin   isomers    (dl-allobiotin   and   dl-epi- 
allobiotin)    of    the   Merck    group   (13)7     Brown   and  coworkers    (14) 
have   suggested  a  possible   explanation    of    the  formation   of   these 
isomers   on   the  basis    of  formation  of  thiophanium  bromides    in 
step  XI  with   subsequent  ring  opening  to   an   Isomeric   structure. 


Synthesis    of   Baker   and   Coworkers. — A  new   synthesis    of  biotin 
has   been  published  recently    (15,16)   by   a  method  which  "offers 
chemical   control  of    isomers  with  no  fractional  crystallization 
being  necessary  to   separate    the  isomers."      The    synthesis    is   as 
follows: 


CH,0-C-CH^-CH3SH     + 


0  H 

CH3-0-C_C-(CH3 )4-COOCH3 

Br 

II 


gOOCH3 

CHa        COOCH3 

I 

CH„        CH-(CH2  )4-COOCH3 


III 


CH3ONa 


COOCH3 
HC C=0 


HnC 


N5' 


CH-(CK2)4-COOCH3 

IV 

HCN 
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Unsaturated        HCl 
Diacld 


VII 


Na'Hg 
red 'n. 


_4_ 


QOOCH3 

C C-CN 

! 

HgCL  CH-  ( CK3  )  4-COOCH3 

VI 


POCI3 
DytTdine     cy»nohydrin 


COOH     (?OOH 
HC CH 


CCCCH3  goocH3 

CH3OH  HC 


CH-(CH2  )4-COOH 


HaC 


VIII 
Trans 

COOH     CO0CH3 
HC (Jh 

I  I 

H3C  CH-(CH2)4-COOCH 

X 
Trans 


H" 


HoC 


\o/ 


IX 


CH  Na°H 

I 

CH-(CH2)4-CO0CH3 


NHCONH0 

\  .COOCH3 

S0C13   NaN3   0NH2        H(?  ^H 


COCH3 

ft CO N-0 


HC 

I 

H2C 


•  S^ 


CH-C=0 

I 

CH-(CH2)4-COOH 

XIII 


NaAc 
Ac20 


CH-(CHf)4-COOCH3 

XI 

NaOH 


NHCONH0  ^OOH 
HC CH 


H 


1 


,CH-(CH2)4-COOH 


H 


y/ 


H 


HN CO N0 

J 


^S^ 


CH C=0 

I 

CK-(CH2)4-COOH 


SCCl 


5NH. 


XIV 
"cis-Uracil" 


XII 
Trans 


HN CO N-0 

HC CH C=0 

I  I 

H8C  CH-(CH2)4-CONH0 

XV 

I 
HaNNH8 


■i.  "r  !'*;;■'■;;  ft    ■  v 


W 


n^3«y--#^. 


iri- 


-5- 


122 


0NH-C-N 


HC- 


NH 
I 

CH 


H2C   CH-(CH2)4-CONH0 
Xs' 


Butyl 
nitrite 

HC1 


XVII 


NHCONH0    CONHNHa 
HC CH 

I  I 

H3°^  .CH-(CH2  )4-CONH0 

XVI 


Ba(OH) 


NH2   NH2 
HC CH 

I         I 

H3C        CH-(CH2 )4-COOH 


C0Cl2 
NaHC03 


^ 


XVIII 
"cis" 


dl-blotin 


XIX 


The    configuration  and   structures    of   all  questionable   inter- 
mediates  in  this   series   have  been  proven  and  the   final  product, 
blotin  XIX,    is   obtained  without   the   necessity   for   separation   of 
intermediate   racemic   mixtures.      The   cis   uracil   (XIV),    on  treat- 
ment with   sodium  methoxlde,    gave  a   trans  hydrazide  which  was 
subsequently   converted  to  a   trans  biotin  isomer   corresponding, 
by  its  melting  point   and  degradation   to  dl-desthloallcbiotin, 
to  dl-eolalloblotln. 


The  synth 
isonjer  not  obt 
reoorted  by  Ba 
described  abov 
dl-epiblotln  f 
with  a  single 
tlons  related 
dl-blotin,  dl- 
made    to  prepar 


esis    of  biologically  inactive  dl-eoibiotln,    the 
ained  by  previous   investigators,    has    now  been 
ker  (17;.      Employing  a  procedure   similar  to  that 
e   for  dl-biotin  Baker   has   succeeded  in  preparing 
rom   the   trans   compound   (VIII).      Thus,    starting 
configuration   in  VIII    "any  one  of   three   configura- 
to   biotin  can   be  prepared  at  will,    namely 
eolblotln   and  dl-epiallobiotin. "      No   attempt  was 
e    the   biologically  inactive  dl_-allobiotln. 
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THE  ADDITION  OF  NITROGEN  TETROXIDE  TO  OLEFINS 


I.  Nitrogen  Tetroxide  (NaQ4). 

N204  has  long  teen  regarded  as  an  equilibrium  mixture, 
N204"Z%N02.   The  dimolecular  form  predominates  at  lower  tempera- 
tures, while  complete  conversion  to  the  monomolecular  form  oc- 
curs above  140°.   N204  is  a  toxic  gas;  animals  exposed  to  a  con- 
centration of  one  part  per  thousand  die  in  a  few  minutes. 

Infrared  studies  indicate  that  N02  is  triangular  in  shape, 

0 '+  0-,  while  the  structure  of  N204  has  not  been  established  clear- 
ly.  X-ray  analysis  favors  II,  while  chemical  evidence  rather 
favors  I. 


's 


0=N-0-N- 

+\o- 


NN-N/ 
•OA  +\0- 


II 


II.  Work  done  to  1940. 

A.  The  following  possibilities  have  been  suggested  as  ways 
in  which  >C=C <  might  add  N204. 


HC-N=0 


C=N-0H 


or 

>C-0N0: 


>C-0N02 

Nitro  sonitrate 


C-N0; 


C-NO. 


C-NO. 


'2 

>C-0N03        >C-0N0       >C-N02 
Nitronitrate  Nironitrite  Dinitro 


V 

r 


!-0N0   (never 

isolated) 

>C-0N0 


Dlnitrite 


The  earlier  work  is  somewhat  confused,  due  to  the  use  of  im- 
pure N204  and  the  formation  of  complicated,  unstable  products. 
Yields  and  experimental  conditions  are  often  not  stated,  and 
structures  are  based  only  on  an  analysis.   Nomenclature  varies 
from  author  to  author. 

B.  Ethylene  and  simple  ethylene  derivatives. 
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Reference 

10 

11,  12 
11,  12 
14 
14 

12$ 
18-23$ 

Compound  Product 

CH3=CH3                           CH3(N03)-CH2N02 
CHX=CHX                           CHX(N02)-CKXN02 
CI3=CI3                         Dinitro   Deriv. 
(CH3)3C=C(CH3) 3        Dinitro   Deriv. 
Mes-C=CK3  |Me3-9 gKa"1      13$ 

L        0N03  N=QJ3 

Me3-C=CH-N03      5-12$ 

Me3-C(N03)-CH3-N03 

Me3-C(CNO)-CH3-N02 
Me3-C=CHCH3  [Me3-C(0N03)-CH(N0)CH3] 3     mainly  15 

[Me-C(N03)-CH(NO)CH3]3   8-17$ 

Dinitro  Deriv.   10-20^ 

Me3-C=C(N03)CH3   10-20$ 

C.  Aryl  ethylenes. 

Most  work  done  was  carried  out  using  N203,  and  gave  rise  to 
poorly  characterized  products.  Stilbene  yields  the  dinitro  deri- 
vative. 

D.  Acetylenlc  compounds. 

Compound  Product  Reference 

0-CECH  18 

0-C=C-0  1,2-dinitro   ethylene  18 

0-C=CC2C2H5  compounds  19 

E.  Ethylenic  acids. 

The  products  are  generally  believed  to  be  mixtures  of  the 
following  types  of  compounds. 


— C(N03)-C(N02)  — CC2H, 9 p C02H,  — 9 — 9 

NO,  0N0  ONO  N 


— C02H 
02 


F.  Conjugated  systems. 

Compound  Product  Reference 

0-CH=CH-CH=CH-0   0-CH-CH-CH-CH-0  20 

NO 8      NO, 
CH3=C-C=CH3      1,2-  and  1,4-  addition     21 
0  0  of  N03 
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III.  Most  Recent  Work. 

Levy  and  Scaife,  by  means  of  carefully  controlled  experi- 
ments using  pure  N304,  have  shown  that  dinitroparaf fins,  nitro- 
alcohols,  and  nitroalkyl  nitrates  can  be  produced  in  good  yields. 
The  first  products  formed  are  a  dinitroparaff in  and  an  unstable 
nitronitrite  which  requires  conversion  to  the  nitroalcohol. 


XJ-N03  C-NO 

12-20$ 


35-50% 


osl 


C-OK     ROH    C-ONO    N?04     C-ONO,  0: 


+    N303    ->    Na04 


Effect  of  solvent. — The  effect  of  a  solvent  is  very  marked, 
depending  upon  the  olefin  being  used.  In  most  cases  the  solvent 
is  thought  to  moderate  the  oxidizing  effect  of  N304. 

Separation  of  products. — This  great  obstacle  to  the  early 
workers  has  been  overcome  by  special  eauipment  for  the  removal 
of  solvent  and  excess  N304,  and  by  the  conversion  of  the  unstable 
nitronitrites  to  nitroalcohols. 

Mechanism. — A  polar  mechanism  is  suggested  by  the  experiment- 
al results.   Insufficient  work  has  been  done  to  postulate  a  com- 
plete mechanism. 

Experimental . — Ethylene  can  be  nitrated  to  give  70-ft0$  of 
pure  products.   Liquid  phase  reaction  has  been  found  most  satis- 
factory in  all  cases. 

Propylene  yields  75%  of  pure  compounds.  1, 2-Dinitropropane 
and  £-nitroisopropyl  nitrate,  both  new  compounds,  have  been  pre- 
pared and  studied. 
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THE  CHEMISTRY  CF  THE  PYRAZINES 
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Until   recent  years   the  che-nlstrv   of  ovrazine  and   Its  derw* 
tlves  had  received  little    attention  in  comparison  tnh  several 
?o   the'taliMtfo/tr U0   rJn*  co^°^ds-.      Th?s  wa .due  mainly 
Thus   It  was  difficult ht„PSS*,ln"*j:lne  t0  subs«.tution  reactions! 

used   as  star '^  nit   °,  °taln   thP   Slraple  '"notional  derivatives 
usea   as   starting  points   In   synthetic   work.      In  the   la<*r  hWbS. 

■   -""ale^stLula^d^rt10    ^7^    °f    ^VyrlzlT^AT 
£     L      ,      stimulated  Interest   In   this    subject;    new  Dreoarationa 

m0et^sS^e%e-Inai2morovd:draUVeS   **"  *"  ^l-rfCTSS?" 


I. 


Preparation   of   Pyrazine    Derivatives. 
A.    From    a-amino  carbonyl   compounds". 
1t;;'7^-    rre*   a-amino   carbonyl   comoound 
Its   stable    salt   by  the    action  of 
aensation  occurs   resulting  in 
very  readily  oxidized   to   the   corresoonding  pyrazine. 


is    liberated  from 
a  base,    spontaneous   con- 
di hydro  oyrazine.      This    is 


HV    V 


R 


A 


R        N        R' 


NXXR 


R 


.V^R 


sub^itutedha?kv?PnfS   *?   be  ?enpral   for   dl~   *nd    Na- 
tion is  the       -   -    ??-aryl   P^azines.      About    the 


follows : 


COOH 
R-C-H 
NHa 


AcpO 


pyridine 


-CO, 


S 


3. 


R-C-COCH3 
NH-C0CH3 


H30 


H 
R-i-COCK 

tiH2 


B. 


COOH 
R-C-COCH3 

NH-COCH3 

A  rearrangement   of    oximes. 

whinwr  rnf   CWroke™3   found    that   treatment   of    oximes 
"onvl   chlori?edlnn   ^*hyle*e   ^oup   with  ^toluene    sul- 
iMtvf     c£foriae   ln   Pyridine,    followed   bv    neutralization 
tlr   inv^S^Pr,°fCed  dihydro   Py^azine   derivatives?     Fur_ 

isolated  froftMnS    ^f   that   a~aminC    ketc»es   could   Se 
xsuxauea  irom   this   reaction. 

Reduction   of    iso-nitroso   ketones. 4>5 

Preparation  'rom   1,2-dlaminea   and   1,2-diketones    * 

Se'        ,    ol;       of    ^CN    tetramer   in   place  of    the   dia-ine. 
Several   -,o-dicy,no   oyrazines   have  be^n   prepared  in   this  way 


4. 


■ 


' 


""."x  - 


t  fl 


......  r 

■  - 


*i       -*'vl'i- 


■ 

:       . 


-s  ■;• 


•  ■•. ' 


. 
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C.    Preparation  from   cya nohydrins. 8 

When   a    oure    aldehyde    cypnohydrin   Is   treated  with  HCl, 
condensation    takes   place   resulting  in   a  d isubst itu ted 
hydroxy   pyrazine. 


OH 
Ar-t-CN 
ft 


HCl 


N 


r-Ar 


Ar-\>    /*" 


•OH 


Preparation  from   lumazines. 

Amino   pyrazine    derivatives   can    be  preoared   in    good  yields 

by   cleavage    of    lumazines  with  P0<*   H3304, 

Alkaline    cleavage  produces   <?-amino   3-pyrazinoic   acids. 
Strong  alkali   gives   °,-hyoroxy   3-pyrazinoic    acids.      The 

acids   are    readily  decarboxylated. 


H 
N 


r  ^ 


/ 


V 


N>, 


IV 


0=0 


nh 


/ 


^i 


&. 


alkali 


*t 


^ 


o 


^£^r 


strong 
alkali 


-CO. 


N 

r  X>0H 


V 


II.    Properties 
A,    Pvrazine 


1. 

5! 


4. 

5. 
6. 

7. 


and   reactions, 
and    its    ho  mo  logs 


Tveak   bases   decreasing   in   strength  with  aryl   substituent s. 
Lower   members   are    volatile    solids,    soluble 


in   water, 
group  at   a 


5ide   chains   readily  oxidized   to   acids,    one 

time . 

Methyl    p-rcuos   are    activated;    they  condense   with  aldehydes. 


Pvrazine    nucleus    resembles 


Pyrazine  reacts  with 
pyrazine . 10 

Direct   halo genat ion   can 
ture  s  . 1 1 


pyridine   —  highly   inactive, 
in   liquid  NHa    tc   produce   amino- 


NaNHa 

be  accomplished  at  hip-h  temoera 


I 
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B.  Acid    derivatives 

1,    "he    Hofmenn  degradation   can    he    used   to   prepare   amino 

comocunds    In   pood'  yields   but    the    Curtius    reaction   fails13 
since    the   isocyanate    is    too    stable    to  hydrolysis. 

°.   Pyrazine   ?.,  3-d  lea.  r  boxy  amide  with    excess    NaOBr  rearranges 
to  yield,    lumazine   but    one   mcl   of  NaOBr   oroduces    the   amino 
acid.  1S 

C.  Amino   derivatives.14 

Can  be  successfully  diazotized  only  with  nltrosyl  sul- 
furic acid.   The  diazonium  salts  can  be  hydrolyzed  to  hydroxy 
compounds  and  can  also  be  converted  to  oyrazyl  halid.es. 

D.  Hydroxy   derivatives. 

1.    They  exist    mainly  as    "Pyra zones . " 
9.    ^hey  are   amphoteric, 

3.    "hey   couole    with   diazonium   salts    to  vieid  azo   deriva^ 
tives. 15 

III.    Uses   of    some    oyrazlne    derivatives. 

A.    Sul^aoyrazine 

)his    sulfa  drug  was   found    to   be    very   effective    in  pneumo- 
coccal16   and   p-hemolytic   strep toccocal17    infections,    'its 
advantages   are    slow   absorption  and    excretion   in   the  body. 

P.    Pyrazine   mono-  and  dicar  boxy  lie   acids  were   found   to  oossess 
anti-oellap-ra    activity   without    the    vasodilator   effect   of 
nicotinic   acid,18 

C.    Several   substituted   carboxyamides   and  hydrazines  have  been 
prepared   for  use   an  a.naleotics . 1  9 
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THE  DUFF  REACTION 

In  a  series  of  papers  (l)  (2)  (3)  (4),  Duff  described  a  gen- 
eral method  for  the  synthesis  of  ortho  forrayl  phenols  and  para 
dialkylaminobenzaldehydes,  in  which  a  phenol  or  dialKylaniline  is 
reacted  with  hexamethylenetetramine. 

The  mechanism,  as  proposed  by  Duff,  is  as  follows. 

1.5C6H5CH  +  (CH2)6N4  ->3  o-HOC6H4CH2:\T=CHs  +  NH3 

2.  o-HCC6H4CH2N=CH2  -» O-H0C6H4CH=NCHa 

3.  o-HCC6H4CH=NCH3  +  H20  -»  o-KOC6K4CHO  +  CH3NH2 

This  is  similar  to  the  reaction  mechanism  proposed  by 
Sommelet  (5)  to  explain  the  conversion  of  benzyl  chloride  by  hexa- 
methylene  tetramine  to  benzaldehyde.   G-raymore  and  Davie s  (6)  have 
verified  steps  2  and  3. 

Several  procedures  have  been  employed. 

&.  Reference  (1)  in  aqueous  solution 

B.  Reference  (2)  in  glacial  acetic  acid 

C.  Reference  (3)  Duff's  general  procedure  in  glyceroboric 
acid 

D.  Reference  (7)  Liggett  and  Diehl  modified  procedure 

E.  Reference  (4)  acetic-formic  acid  mixture  for  dialkyl- 
anilines 

The  only  other  general  method  for  the  direct  introduction  of 
a  formyl  group  otoa  phenolic  hydroxyl  group  is  the  Reimer-Tiemann 
reaction.   The  Duff  reaction  appears  to  be  of  somewhat  greater 
applicability.   The  advantages  are  complete  synthesis  in  2-3  hours, 
no  unreacted  phenol  present,  no  bisulfite  extraction  required,  and 
the  ortho  substituted  product  is  usually  obtained  in  practically 
pure  condition  by  steam  distillation.   The  main  disadvantage  as  an 
aldehyde  synthesis  is  the  low  yields  obtained. 
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THE  USE   OF  SULFURYL  CHLORIDE   IN  SYNTHESIS 


Sulfuryl  chloride   Is   a  versatile   reagent  with   great  poten- 
tialities  in   synthetic   organic   chemistry.      It  may  be   used  with 
an   amazing  degree   of  control  for  the  chlorination   or  sulfonation 
of  both  aromatic   and   aliphatic   derivatives;    it   serves   also  for 
the   oreparatlon  of  esters   of  chlorosulfonic   acid   from  alcohols, 
sulfamides   from   secondary  amides   and   acid   chlorides   and  anhy- 
drides  from  sodium   salts   of   acids.      Recently  several   articles 
have   appeared  describing   its   use   in  widely  differing   syntheses* 

I .    Chlorination 

A.    Aromatic   Compounds. —Nuclear  substitution   of  activated 
ring  compounds    occurs  readily,    is    easily  controlled,    and  takes 
place  without   catalysts   in  the  case    of  phenols,    amines,    certain 
heterocyclics  and  polynucleer  hydrocarbons    (l).      Mono-,    di-  or 
tri-chlororesorcinol,    and  mono-  or   di-chloroanthra nilic  acid  are 
examoles  of   stepwise   chlorination   (l).      Indole   gives   ?-chloro, 
or  2 ,3-dichl or o indole,   depending  uoon  the   amount   of   S03Cl2 
used   (l).      Pyridine   oxide  reacts  with  S02Cl3   in  a   sealed   tube   at 
120°C  to  give   the  a-chloro   and  .^.-chloro  compounds    (9). 

The   sensitivity  of   S03Cl2   as   a  chlorinating  agent    to  changes 
in   the  experimental  conditions  is   illustrated  by   its   reported 
action   on  naphthalene    (l).      The   following  products   are    obtained: 
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2   S02Cl2 

at  ec° 
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140^0 
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2  S02Cl2 


With 
S02C12 
and   AICI3 
at   25o 


2,   Nuclear  substitution   of   unactivated  aromatic   types    is 
catalyzed  by  halogen  carriers.      A  mixture   of  AlCl3   and   S2Cl2   In 
a   1<  concentration   in  S02Cl2  gives  raoid,    easily   controlled, 
stepwise   chlorination  at   low   temperatures;   for   examole,    step- 
wise  polychlorinat ion   through  the   hexachloro  derivative   occurs 
with  benzene,    and   toluene    yields    the   monochloro   through   the 
pentachloro   comoound  without   cleaving  or  attacking   the   side 
chain   (l). 
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B,    Aliphatic   and  Aliphatic-Aromatic   Compounds.      1.    Selec- 
tive   side   chain   chlorinatlon  yielding   the   a-chloro  derivative 
exclusively   occurs   when    a  trace  of   peroxide   is   used  with  m-xylene 
and   SC3Cl2    (l).      The    a-chloro  compounds    are   also   obtained  from 
p_-chl  orotoluene,    ethyl  benzene   and   in   9CK  yield    from   isoprooyl 
benzene.      t-Butyl   benzene    gives   substitution  readily  on  the 
p -carbon   (l). 

2.  Less    than   one   mole    per  cent   of  peroxide   also  promotes 
rapid  substitution   in   simple   aliphatic   compounds    ln„  the  dark  at 
low    temperatures.      Products   obtained  are    those   expected  from 
ordinary  photochemical   chlorinatlon.      Thus   n-heptane   gives 
with  S02Cl2   and  peroxide   ISfi  of  primary  and   85^   of    secondary 
chlorides;    1-chlorobutane    is    substituted  only   slightly   in  the 
1-position,    ?5fo  in  the   ?- ,    50*  in  the    3-,    and  1h$  in  the 
4-position    (l).      Neither  chloroform  nor  sym-tetrachloroethane 
is   further  chlorinated  by   this   method   (l). 

3.  Addition   of  chlorine   to   olefins   is  also   catalyzed  bv 
peroxide,   giving  the  saturated  dichloro    compound   and   S02    (l). 

4.  a-Chloro  acids   above   acetic   acid   are  best    prepared, 
according  to   recent  reports   (1,3,4)   using   S02Cl2   alone   or  with 
iodine   as   catalyst   in   a  refluxing  ether    solution    of    the  acid. 
A  yield   of   98fo   is   reported  by  Gulat    (3)    in   the  case    of 
C6H5C0NHCH2CH2CH2CH2CHC1C00H.      Guest    (4)   prepared  several   acids 
of   the    type   RCHClCOOH,    where   R  equals   C4H9-,   C6H13-,    C7H15-, 
ci3H35-,    cigH33-  using  this  method. 

If  peroxide  is  present  substitution  takes  place  on  the  p- 
and  T-positions  as  well,  so  that  a  mixture  of  the  a-,  p-,  and 
7"-chloro   isomers  results    (l). 

5.  Silanes    are   readily   chlorinated  using   S02Cl2    and  perox- 
ide Catalyst.      Whitmore    (o)   has  prepared   several    of   these  com- 
pounds  —   for   example,    a-chloroethyl    trichlorosilane    and 
a-chlorobenzyl   trichlorosilane. 

6.  Aldehydes   and   ketones  without    an   a-hyc?rogen  are   chlori- 
nated  in   the  usual  way  by   S02Cl3   and  peroxide;    for  example, 
benzaldehyde   gives   benzoyl   chloride.      With  an   a-hydrogen  present 
substitution   in   this  position   occurs  without   catalyst  at  room 
temperature,    probably  by  Way  of   an   enol    form   (l). 

II.    Sulf onation 

A.    Aromatic   Compounds. — Ttthl   and   Eberhard   (6)    have   prepared 
the   sulfonyl   chloride   derivatives   of   benzene,    toluene,    the 
xylenes  and   of  mesitylene,    etc.      The   hydrocarbon   and   sulfuryl 
chloride  are   cooled   and  small   amounts   of    A1C13   dropped   in. 
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B.    Aliphatic   Compounds, — Pyridine    and   light    induce   rapid 
sul donation   o^   many   aliphatic    compounds   by   S02Cl2    to   giyealkyl 
sulfonyl  chlorides.      The    yields   are   good,    reaching 
Among  the   compounds   sulfonated  are  £- butane,    ethyl 
_t-butyl  benzene   and  cyclohexane. 


70,^   (1). 
benzene, 


With  lower   aliphatic   acids   no  catalyst   is  needed;    the   sul- 
■fonation  proceeds   smoothly  to   give  a   new   type   of   compound  — 
the    inner   anhydride    of   the   sulfocarboxylic   acid    (7). 


CH3-COOH 
CH3 


S02C12 
light, 50° 


CH2-CC0H 
CH2S02C1 
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CH2-S02 
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This    product   is    accompanied  by   a  45?  yield  of   cc-chloro  acid. 
Higher   aliphatic   acids   give   gcod  yields   of   mixtures   of  p-  and 
T -sulfonated   isomers   (7). 


III.    Miscellaneous. 


A.    Sul^uryl   chloride   reacts   as    an   acid   chloride   o^  sulfuric 
acid.      Alcohols    e-ive  compounds   of   the    type  R0S03Gl,    and  with  an 
excess   cf  alcohol   (R0)2S~02    (l).      Aliphatic   secondary   amines 
undergo   similar  reactions;    from  the    amine    itself   and    S02Ci2    is 
obtained  R2NS02NR2,    while    the   amine    hydrochlorides    are  not   so 
reactive,    giving  the   monosulfamide,    R2NS02Cl.      Aniline      itself 
gives   sulfanilide,    C6H4NHS02Cl,    in  a   60?  yield  when   S02Cl2    in 
dry  ether    is    dropped  into   a  cooled  solution   of   the   amine    in 
three   times    its  volume   of  dry  ether.      p-Toluidine  undergoes  a 
similar   reaction  (8). 

2.    An   interesting  use   of   S02Cl2   in   acylation  reactions   is 
made   by  using   the   addition  compound      with  pyridine  which  reacts 
with  alcohols    and  acids   to   give   the   alkyl   and   acyl  chlorides, 
respectively    (l).      If   a  phenol   or  amine    is  present   it   is 
acylated;    for  example,    benzanillde    is   obtained  from   aniline   and 
benzoic    acid. 


3. 


By  the  action 
acids,  acid  chlorides 
has  found  application 
and  benzoic  anhydride 
anhydride    (l). 


of    S02C12   on   the    sodium   salts    of    organic 
and   acid   anhydrides   are   formed    (l),      This 
in   the  preparation  of  benzoyl   chloride 
,     and   in   the  manufacture   of  acetic 
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ANOMALOUS  NITRATION  REACTIONS 


In  many  instances  of  aromatic  nitration  not  only  hydrogen 
atoms,  tut  halogens,  alkyl,  alkoxyl,  acyl,  carboxyl  and  sulfonic 
groups  can  be  replaced  by  nitro  groups.   This  is  true  especially 
in  phenols  and  their  ethers,  in  which  replacement  of  various  atoms 
or  groups  ortho  or  para  to  -OH  or  -OR  occurs  more  or  less  readily, 
the  ease  of  displacement  decreasing  roughly  in  the  following  order} 


Ey  I  >  S03H>C03H>COR>  Br  >C1 
This  is  illustrated  by  the  following  example:1 
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The  tendency  of  aromatic  compounds  tc  undergo  anomalous 
nitration  increases  in  general  with  the  number  of  substituents. 

Folyalkylbenzenes. — Replacement  of  alkyl  croups  is  general  in 
penta-  and  hexaalkylbenzenes;  from  less  substituted  rings  only 
nched  side  chains  are  removed, 

Cymene3'3  can  be  made  to  yield  a  great  number  of  products  by 
varying  the  composition  of  the  nitrating  mixture  and  the  tempera- 
ture: mixed  acids  favor  the  formation  of  normal  nitration  products 
( 2-nitrocymene;  2, b-dinitrocymene)  and  of  replacement  products 
(jD-nitrotoiuene;  2,4-dinitrotoluene ;  trinitrotoluene),  whereas 
with  nitric  acid  alone  oxidation  products  (methyl  p-tolyl  ketone, 
j>-toluic  acid  and  nitrotoluic  acids)  are  obtained. 

Penta-  and  hexamethylbenzene  give  dinitroprehnitene  (_o-di- 
nitrotetramethylbenzene)  with  abs.  HNOa  in  K3S04  and  CHC13  at  low 
temperature,  whereas  the  corresponding  ethyl  compounds  yield  ja- 
ainitrotetraethylbenzene.4> 5   These  are  two  of  the  three  only  !r*owr 
exceptions  to  Barbier ' s  rule6  which  states  that  in  the  stepwise 
nitration  of  a  highly  substituted  benzene  ring  a  second  nitro  group 
replaces  always  a  substituent  meta  to  the  first  entering  nitro 
group.   This  rule  can  be  illustrated  by  the  following  reaction: 


CO-CH3 


HNO3U.5) 
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In  the  nitration  of  polymethylbromobenzenes,  a  methyl  group 
is  sometimes  transformed  into  -CH5ONOa  (nitrate  formation).7   Bromo- 
pentamethylbenzene  yields  4-bromo-5, 6-dinitrohomimellitene  with 
mixed  acids,  but  the  nitrates  cf  isomeric  bromotetramethylbenzyl 
alcohols  with  fuming  K1!03  alone;  treatment  of  these  nitrates  with 
sulfuric  acid  transforms  the  -CHsONOa  group  into  a  nitro  group.8 

Phenols  and  Phenolic  Ethers . — Replacement  of  isopropyl  and 
tertiary  butyl  groups  has  been  observed  by  a  number  of  workers. 
Thus  thymol  yields  with  mixed  acids  2, 4, 6-trinitro-m-cresol. 9 
o-Methyl-4-t-butylanisole  yields,  in  addition  to  the  normal  nitra- 
tion product,  3-methyl-4, 6-dinitroanisole. 1 ° 


in 


Q.uinone  formation  or  replacement  of 
some  polyphenolic  ethers. 


.lkoxyl  groups  may  occur 
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Fuming  HN03  at  low  temperature  favors  formation  of  the  quinone 

at  50°  with  dilute  HN03  in  glacial  acetic  acid  the  main  product  is 

the  compound  in  which  one  methoxyl  has  been  replaced  by  a  nitro 
gr  oup . 

H-ilog-enated  Ph.enols  and  Phenolic  Ethers. — Halogens  ortho  or 
para  to  a  hydroxyl  or  alkoxyl  -  roup  are  more  or  less  easily  re- 
placed (I>3r>Cl).   In  some  cases  the  halogen  replaced  migrates 
to  another  position  in  the  ring;  thus  the  nitration  of  4-iodoanieol- 
yields  2-iodo~4-nitroanisole. l 2 


anis 


Sometimes  quinone  formation  occurs;  thu?  4-f luorc~2, 6-dibr 
ole  yields  2,  6-dibromo-j>-benzoquinone, 13 


omo- 


Phenolic  Acids,  Aldehydes  and  Ketones14 ' 15' ie . — A  carboxyl 
group  is  more  readily  replaced  than  an  aldehyde  group,  which  in  tiv 
is  more  easily  replaced  than  an  aceto  group.   Thus  2,4-dinitro- 
anisole  and  2,4, 6-trinitroanisole  are  the  main  products  in  the 
nitration  of  £-methoxybenzoic  (anisic)  acid;  only  a  minor  quantity 
of  trinitroanisole  is  obtained  in  the  nitration  of  jD-methoxybenz- 
alaehyde  (anisaldehyde) ;  £-methoxyacetophenone  yields  only  normal 
nitration  products. 

If  more  than  one  alkoxyl  group  is  present  the  displacement 
reaction  occurs  much  more  readily;  thus  o,4-dimethoxyacetophenone 
is  completely  transformed  into  1, 2-dinitro-4 , 5-dimethoxybenzene. 


Cinnamic  Acids17. — action  of  fuming  HN03  (sp,  gr.  1.50)  at 
on  cinnamic  acid  yields  a  mixture  of  _o-  and  £-nitrocinnamic  aoi; 
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but  with  absolute  nitric  acid  (sp.  gr.  1.52)  a  mixture  of  £-2-  and 
f-4-dinitrostyrene  is  obtained. 

03  HNOa 

C6HBCH=CHC0aH   -►    N03G6H4CH=CKC03H    -»    N03C6H4CH=CR-N03 

(1.50)  (1.52) 

Nitration  of  ethyl  jo-nitrocinnamate  with  abs.  HNG3  at  C 
yields  a  nitrate  which  can  be  isolated,  but  in  the  presence  of 
water  loses  rapidly  nitric  acid  to  yield  a  mixture  of  the  cis- 
and  trans-oc-nitro-£-(]o-nitrophenyl)acrylic  esters. 

HNC3  /C02St  H30  /CC32t 


N03C6H4CH=CHCOsEt  -»   NC3C6K4CH-CK        -»  M02C6H4CH=C 

0NOa  XN02  x 


NC 
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Sulfonic  Acids. — In  the  nitration  of  phenolsulf onic  acids,  the 
sulfo  group  is  unaffected  if  it  is  met a  to  the  hydroxyl,  in  the 
other  cases  at  least  one  position  ortho  or  para  to  the  hydroxyl  is 
nitrated,  if  free,  before  the  sulfo  group  is  removed.1   An  important 
application  is  the  manufacture  of  picric  acid  by  the  sulfonation  anc 
subsequent  nitration  of  phenol. 

The  sulfo  group  is  replaced  with  a  comparable  ease  in  naphtyl- 
aminesulf onic  acids  and  the  ethers  of  naphtolsulf onic  acids.   There 
are  also  a  few  cases  where  a  sulfo  group  is  replaced  in  polyalkyl- 
benzenesulf onic  acids;  thus  m-xylene~4-sulf onic  acid  yields  some 
trini troxylene  under  very  strenuous  conditions.18 

Sulfo  groups  are  replaced  much  more  easily  by  nitro  groups 
when  nitrous  fumes  are  passed  through  an  aqueous  solution  of  the 
acid.19  By  this  procedure  ]>-chlorobenzene sulfonic  acid  yields 
p-chloronitrobenzene.   In  m-aminobenzenesulf onic  acid  the  nitrcu 
fumes  cause  first  diazotization  and  hydrolysis,  of  the  amino  group; 
then  3, 6-dinitrophenol  is  formed  by  the  very  unusual  replacement  jf 
a  sulfo  group  met a  to  a  hydroxyl.30 

Numerous  further  examples  of  replacement  of  sulfo  groups  by 
nitro  groups  are  listed  in  Suter's  Organic  Chemistry  of  Sulfur,1 
The  general  subject  of  anomalous  nitrations  has  recently  been  re- 
viewed very  exhaustively  by  Nightingale.21 
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STRAINLESS  CYCLOHEXANE  RINGS 

I.  Baeyer  Strain  Theory  and  the  Sachse-Mohr  Hypothesis. — 
According  to  the  Baeyer  Strain  Theory,  all  carbocycles  are  planar 
and  the  molecules  are  consequently  strained  in  proportion  to  the 
amount  of  deviation  from  the  tetrahedral  bond  angle.   The  stabi- 
lity of  a  ring  will  decrease  with  increasing  distortion  of  the 
bond  angles.   This  theory  accounts  for  much  of  the  experimental 
data  relating  to  rings  smaller  than  six  members  but  fails  to  ex- 
plain the  behavior  of  larger-sized  rings.   Sachse  pointed  out  that 
strain  in  the  Baeyer  sense  can  be  eliminated  from  a  structure 
having  more  than  five  carbon  atoms  in  the  ring  if  the  ring  is 
non-planar.   Two  such  strain-free  configurations  are  possible  in 
the  case  of  cyclohexane.   Such  multiplanar  structures  which  in- 
volve no  distortion  of  the  tetrahedral  bond  angles  are  termed 
"strainless  rings."   This  conception  was  developed  by  Mohr,  who 
postulated  that  the  energy  involved  in  the  conversion  of  one  of 
Sachse' s  strain-free  configurations  into  another  is  so  small  that 
forces  due  to  molecular  collisions  can  overcome  it. 

I I .  Theoretically  Possible  Isomers  in  Substituted  Cyclo- 
hexanes. — Cyclohexane  can  exist  in  two  forms,  a  "boat"  or  "C"  form 
and  a  "chair"  or  "Z"  form.   The  "boat"  form  is  flexible  because  of 
relative  strain-free  rotation  of  its  atoms.   Because  of  its 
mobility,  all  the  hydrogens  are  equivalent  in  the  "boat"  form  and 
it  is  sterochemically  indistinguishable  from  a  planar  ring.   The 
"chair"  form,  however,  is  a  rigid  structure.   Considerable  dis- 
tortion is  necessary  to  interconvert  the  "C"  and  "Z"  forms. 

On  the  basis  of  this  information,  the  number  of  isomers  in 
various  substituted  cyclohexanes  can  be  predicted  (1).   Some  typi- 
cal examples  are:  C6Hna,  2Z,  1C;  C6Hl0ab,  2Z,  1C ;  a2C6H8b3,  1Z, 
1C;  a3C6H8bc,  2Z,  1C;  abC6H8cd,  4Z,  2C. 

III.  Physical  Evidence. — X-ray,  infrared,  dipole  moment,  and 
Raman  spectra  data  indicate  a  multiplanar  structure  of  cyclo- 
hexane with  probably  an  equilibrium  mixture  present  (2,3,4). 

IV.  Chemical  Evidence. — The  existence  of  "boat"  and  "chair" 
isomers  would  be  possible  if  the  substituents  were  of  such  a 
nature  as  to  stabilize  the  positions  of  the  atoms  in  the  ring  by 
preventing  intramolecular  rotation.   Such  a  situation  is  known  to 
occur  in  fused  ring  systems,  such  as  decalin,  where  the  cis-trans 
isomerism  is  definite  evidence  for  the  strainless  configurations 
containing  five  or  more  atoms.   Numerous  attempts  to  find  sub- 
stituents which  will  stabilize  the  two  forms  in  the  monocyclic 
compounds  have  been  reported. 

Schrauth  and  Gtirier  (5)  claim  to  have  prepared  three  different 
forms  Of  dicyclohexyl/(A)  b.p.  235-23?°,  (3)  227-2280  (C)  219.5- 
221.59  Dehydration  of  £-cyclohexylcyclohexanol  followed  by  hydro- 
genation  gives  form  B.  o-Cyclohexylphenol  on  hydrogenation  to  the 
cyclohexanol  and  subsequent  dehydration,  gives  a  cyclohexene  which 
yields  predominantly  A  or  C  depending  on  the  conditions  of  its 
hydrogenation.   A  is  stable,  while  the  other  two  are  transformed 
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into  mixtures  of  the  three  by  the  action  of  aluminum  chloride  or 
light.   Kursanoff  (6),  by  condensation  of  cyclohexvl  iodide,  ob- 
tained a  product  of  b.p.  234-236°  while  inTallach  (7),  by  condensing 
cyclohexanone  with  itself  and  reducing  the  product,  obtained  a  di- 
cyclohexyl,  b.p.  22T3.   The  purity  of  these  products  has  not  been 
established. 
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4-Methyl-l-carboxycyclohexylacetic  acid  is  a  compound  of  the 
abCcH8cd  and  possesses  cis-trans  isomerism  of  the  classical 


six  isomers  are  possible, 


type  cluu6. 

type.   On  the  basis  of  strainless  rings,  a.x  0  ^ou^^^. 

Q,udrat-I-Khuda  (11)  claims  to  have  isolated  four  forms  of  this  com- 
pound.  Other  investigators  (12,13)  could  not  confirm  these  results 
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and   assumed   that   at    least    two   of    the   forms  were   mixtures. 
Qudrat-I-Khuda  also    synthesized   the   corresponding  m-   and   o-methyi 
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compounds  by  the  same  general  procedure  and  reported  the  isolation 
of  four  isomers  in  every  case. 

Desai  and  coworkers  (12)  also  synthesized  the  l-carboxy-4-, 
3-,  and  2-methylcyclohexylacetic  acids  by  the  same  method  and  by 
the  one  shown  below  but  in  each  case  isolated  merely  the  two  iso- 
mers expected  on  the  basis  of  cis-trans  isomerism. 

.COCEt 
CH3( 

HCN       . k   .OH      XN 


!H3  {  V 

\CN    NaCEt 


yCN       -C03       . .    CCCH 

Ha  S  NT  ->    CH3  / 


^CHCOOEt  H20       > /\CH2CCOH 

CN 


To  eliminate  the  complications  of  cis-trans  isomerism,  Miller 
and  Adams  (l)  synthesized  the  following  analogous  compounds.   The 

CH3    . .  /COOH        CH3    . .   CH2C00H    CK3    . ^CHsCOOt 

CHa-^X y  xCH2COOH     CK/"\.  /    CH3C00H      H/X__^^  \CH2COCr: 

4,4-dimethyl-l-carboxycyclohexylacetic  acid  was  synthesized  by  the 
method  of  Qudrat-I-Khuda.   The  4,4-dimethylcydohexane-l, 1-diacetic 
acid  and  the  4-methylcyclohexane-l, 1-diacetic  acid  were  synthesized 
in  the  following  manner.   In  each  case  only  one  form  of  the  com- 
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CHa^    N=0       ->  CH3^    \^    >TH 


piperidine      \  s   N?HCO     H20 

CN 


CH. 


CH8COOH 
CHpCOOn 


pound  could  be  isolated  though  a  careful  search  was  made. 

Desai  and  coworkers  (12)  have  synthesized  many  substituted 
cyclohexanes  in  an  attempt  to  find  substituents  which  will  stabi- 
lize the  "chair"  and  "boat"  forms. 
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By   the  condensation  of  aryl  amines  with  cyanohydrins  of  the 
methylcyclohexanones,  arylaminoethylcyclohexanes  were  prepared  by 
these  workers  but  only  two  isomers  resulted  in  each  instance. 

In  the  hope  that  the  damping  effect  of  a  dimethyl  group  might 
facilitate  the  isolation  of  strainless  isomers,  l-carboxy-3, 3-di- 
methylcyclohexane-1-acetic  acid  was  synthesized.   Only  one  form  of 
the  product  could  be  detected. 

Desai  then  prepared  the  l-carboxy-4-,  3-,  and  2-methylcyclo- 
hexane-1-succinic  acids.   Again,  only  two  isomers  were  obtainable 
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which  does  not  necessitate  the  assumption  of  a  multiplanar  ring. 

The  l-carboxy-4-  and  3-methylcyclohexane-l-benzylacetic  acids 
were  also  synthesized.   The  products  occurred  in  but  two  isomeric 
forms. 
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The  acceptance  of  this  work  must  await  confirmation. 


Bibliography 

1.  Miller  and  Adams,  J.  Am.  Chem.  3oc. ,  58,  787  (1936) 

2.  Scnomaker  and  Stevenson,  J.  Chem.  Phy~  8  637  (1940) 

3.  Rasmussen,  J.  Chem.  Phys.,  11,  249  (1943)  } ' 

4.  Vogel,  J.  Chem.  Soc. ,  1938,^1323. 

5.  Schrauth  and  Gttrig,  Ber.  56B,  1900  (1923) 

6.  Kursanoff  J.  Russ.  Phys.  Chem.  Soc,  34,  221  (1902) 

7.  Wallach,    Ber.,    40,    70    (1907).  — '  I  ■«*«/. 

8.  Zelinskii   and   Tarassova,    Ber!,    65B,    1249    (193?) 

10'    S^S?'    JefTre^   and  ^^    '•    CKa      Soc!,    1939   '  1862. 
10.    Nightman,    J.    Chem.    Soc.,    1926.    2541  ' 

'    S™89    U938)'    °hem-    S0C-/^    2??   (1951>'   ^>    462 

12'    84 -Href    lh   Jl    °Hem;    S°C-    ^'    416>    1159<    1162J    1939, 

-,,      „,',    roc*    Ind>    A°ad.    Sciences,    14,    516    (1941J«    15      ifiTT  oa^ 

13.    Goldschmidt   and   Grafinger,    Ber  ~ 68,    279    (1935)7^'  ' 


Reported   by  Carl   J.    Claus 
May   16,    1947 


